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CONJUNCT PHENYLATION OF TRICHLOROSILANE 
AND SILICON TETRACHLORIDE 


S. A. Golubtsov, Corresponding Member AN SSSR 
K. A. Andrianow and N. Tishina 


Translated from Doklady Akademii Nauk SSSR Vol, 131, No. 1, pp. 91-98 
March, 1960 


Original article submitted Novernber 5, 1959 


The synthesis of phenyltrichlorosflane can be varied out by the interaction of silicon tetrachloride and or 
ganic compounds of mercury, sodium, and magnesium [1], and also by the interaction ofaichlorosilane and ben 
zene pressure according to the scheme; 


HSiClg + C,H,SICl, + He. 


The latter reactica has been carrisd out in the presence of aluminum chloride and boron trifluoride [2, 3] 
and also in the absence of catalysts [4}. However, the maximum yield attainable in this reaction does not exceed 
40% of theoretical, calculated on the reacted twichlorflane 
[5}. This is due to the necessity of using elevated temperamcres 
and pressures (300-460° and 150-200 atm, gauge) at which, 
along with reaction (1), disproportionation takes place leading 
to the formation of silicon tetrachloride (up to 40 mole & ef 
the reacted wichlorosilane) and other byproducts, 


The study of methods of supressing these side reactions 
and also the study of the possible phenylation of the carboa 
ten tetrachloride formed are of great interest, In searching fora 
1 1 1 I, solution to the problems, we carried out experiments on the 
dmole $ HSiCl, hydrogenation of silicon tetrachloride, and we found that the 
reaction proceeds rather vigorously according to the scheme: | 


~ 
e 


& 8 


100 moles ofreacted HSiCi 


Yield of C,H,SiCl, in moles pez 
Se 
8 


Fig. 1, 
SiCIl, — HSiClp + HCI (2 


when the reactant are heated under conditions under which phenylation of tichlorosflane fs carried out (440-~456° 
and 180 atm, gauge). The results showed that it is basically possible to phenylate silicon tetrachloride if conditions 
are provided such that it {s first converted to trichlorosilane and then reacts with the benzene, In carrying out the 
first stage of the process, we made use of the hydrogen formed by reaction (1) and present as unconsumed byproduce 
of the phenylation of wichlorosilane, The reaction was carried out by heating a mixture of silicon tetrachloride, 
benzene, end wichlorosilane (8) at 440°, a pressure of 180 atm, Barges end inole radio of to eilicoa 
tetrachloride of 0,25; 0.75 to 0.85: 0.18, 


Figure 1 presents the results of a series of experiments showing that the yleld of suanpeiitention, (ia 
moles per 100 moles of reacted trichlorosilane) sharply increases with an increase in the s{licon temrachlorids 
content of the mixture, Such an increase cannot be explaincd solely by supression of the disporportionation of 


| 
| 
i! 
‘ok 


trichlorosilane and the resultant formation of sflicon tetrachloride, since In some of the experiments the yield of 
phenylrichlorasflane significantly exceeded 100 moles per 100 moles of wichlorosflane, This Indicates that sili- 
con tetrachloride enters into the phenylation reaction according to the scheme: 


+ Hy — HSiCl, + HCI 
— Cell SiCl, + Hy 


Calle -+ SiClg — + HCI 


The use of Increased hydrogen pressure facilitates the occurrence of the first stage of the phenylation of 
silicon tetrachloride — the hydrogenation stage, In this connecticn, the yield of the final product, phenyltrichlo-o- 
silane, calculated on the silicon tetrachloride proved to be significantly higher than when a mixture of benzene 
and silfcon tewachloride was passed through a heated whe at atmospheric pressure, 


Thus, it has been shown experimentally that the phenylation of sillcon tetrachloride with benzene can take 
place in the absence of organometal compounds,with ample yields,{f conditions are provided such that the silicon 
tetrachloride is hydrogenated and thereby converted to an interinediate reaction product,. trichlorosilane, in ace 
cordance with Eq. (2). The latter compound reacts with the benzene with the formation of phenyltrichlorosilane, 
and the hydrogen is regenerated, 


EXPERIMENTAL 


Hydrogenation of Silicon Tetrachloride, A 20-liter autoclave was charged with 4,00 kg of siifcon tetrachlo= 
iide, and d hydrogen was admined to a pressure of 52 atm, The autoclave was heated to a temperature of 440° over 
a period of 6 hours, and was held at this temperature for 4 hours, during which there was a gradual increase in the 
pressure to 180 aym, After the autoclave had cooled to room temperature, the residual hydrogen (47 atm, gauge) 
was vented, and 3.36 kg of reaction products was discharged from the autoclave, Distillation of the :nlxture from 
a flask fitted with a dephlegmator yielded 697 g of a fraction boiling at 30-55°, A second disullation of this frac- 
un in a fractionauing column with an efficiency of 45 theoretical plates yielded 266 g of fraction boiling at 
$1-32*, 


Found % H.0.74; 0.73; Cl 79.0; 78.9. HSiCl,, Calculated % H 0.74; Cl 78.8 


Phenylation of Trichlorosilane ard Silicon Tetrachloride, A 0.6 liter autoclave was charged with a mixe 
ture of 90 g of benzene, 17 g of wichlorosilane, znd €8 g of silicon tetrachloride, The mixture was heated for 
4 hours at 460° (the pressure increased to 170 atm, gauge); the reactor was then cooled to room temperature, the 
residual hydrogen (10 atm at room temperature) was vented, and 168 g of rcaction products was discharged from 
the autoclave, Fractionation of the mixuue in a column with an efficiency of 45 theoretical plates yielded the 
following fractions: 


Fraction B.p. Yield, % Clcontent,% 


34—55 
55 — 57 
57— 79 
79 — 80 
185 — 190 
190 — 200 


Residue 


Fractions 1 and 2 were silicon tetrachloride (aces of trichlorosilane were present in fraction 1); fraction $ 
was intermediate cut; fraction 4 was benzene with traces of silicon tetrachloride; and fractions § and 6 were phenyle 
tichloresilane (benzene was present as an impurity in fraction 5), The yield of phenylerichlorosflane was 130 
moles pez 100 moles of trichlorosilane charged, 


Figure 1 presents data from a series of experiments carried out by a similar method but with the use of dife 


ferent ratios of trichlorosflane to silicon tetrachlorida, 


; 
, i 2,7 83,0 
2 28,6 83,3 - 
3 1,8 | 
Ch. 4 39,2 1,5 
| G 11,5 30,2 
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REACTION OF PYRIDINE-3,4-DICARBOXYLIC ACIDS 
WITH HYDRAZINE AND ANILINE 


G. Ya. Kondrat*eva and Huang Chih-héng 
N, D, Zelinskif Institute of Organic Chemistry, Academy of Sciences, USSR 
(Presented by Academician B, A, Kazanskif, November 10, 1959) 


Translated from Doklady Akademii Nauk SSSR, Vol. 131, No.1, pp. 94-97, 
March, 1960 


Original article submitted October 2, 1959 


During an investigation of the reaction of derivatives of oxazole with maleic anhydride [1], we prepared 
some new pyridine-3,4-dicarboxylic acids, The present paper describes the condensation of om acids with hy. 
drazine and aniline, 


The presence of two neighboring carboxyl groups in the molecule of these acids suggests that certain types 
of derivatives would be obtained; in similar cases, the chief direction of the process is determined by the {individual 
peculfarities of the original co:mpounds, Thus, esters of the simplest o-dicarboxylic acids of the benzene series snd 
of five-membered heterocycles (with the exception of thiophene) react with hydrazine to form dihydrazides, esters 
of thiophenedicarboxylic acids yield cyclic hydrazides [2}; and the anhydride of 3,6-diphenylphthalic acid yields 
only the N-aminoimide (S} Cyclic hydrazides were obtzined from esters of the previously known pyrid¢ine-3,4- 
dicarboxylic acids (the unsubstituted [4] 2nd the 2,6-dimethyl-subsututed [2] acids) and also froin the ankydride of 
quinolinic acid [5) when these compounds were reacted with hydrazine, although it was noted that the free qui- 
nolinic acid does not form a cyclic compound. Our investigation showed that when 5,6-dimethyl-, 2,6-dimethyle, 
and 5-hydroxy-2-methylpyridine-3,4-dicarboxylic acids are heated, even briefly, with hydrazine, they are cone 
verted to the cyclic hydrazides (pyrido-3,4-pyridazinediones) I in ylelds of 60-80%, but in the case of 2,5,6-ml- 
methylpyridine-3,4-dicarboxylic acid, this same reaction leads to the formation of the N-aminoamide of the . 


Is—e 
a) ReH, b) R’=H, R=R’°=CH;: ©) R’= OH, R= Rea 
R°=H, R= R’=x CHy; 


. = eo 


Treatment with hydrazine of 2 sminien jiidine-3 maaan acid, in which the COOH groups ere 
Just as blocked as in the 2,5,6-trimethyl analog, yields the N-sminoimide Ud with s small amount of bydraz ide - . 
1d. Prolonged heating of the reaction mixture ic2ds to @ change in its composition, the content of the amino= ~ 
imide gradually decreasing and the yleld of the hydrazide increasing to 60%, Isomerization of the amincimids 6 
accelerated by the presence of ungeacted hydrazine, since pure I d inan a medium fs aes only to the 
extent of 10% under the same 


208 


| 
acid I, 


L 


Fig. 2 


In contrast to the 2,5-dialxyl-substituted acids, 5-hydroxy-2-methyle 
pyridine-3,4-dicartoxylic acid reacts with hydrazine to yield exclusively 
hydrazide Ic, The formation of a new six-membered ring in this case fs 
apparently explainable on the basis that the position of the OH group is such 
that {it is oriented oppositely to the carboxyl, while such a configuration cane 
not exist in the 5-methyl derivatives, 


The most stable derivatives of pyridine-3,4-dicarboxylic acids are the 
cyclic hydrazides 1, For example, hydrazide Ie is formed 2s the end reac 
tion product during the action os hydrazine on the acid (after rearrangement 
to the aminoimide), its amide, and {ts N-phenylimide, Hydrazide 1a was 
obtained in high yields by the teaunent of the free acid, its dianiiide, and 
its dimethyl and also monomethy!l esters with hydrazine, An attempt to use 

29 eoInp the monoester for the preparation of the acyclic monohydrazide resulted 
4— only in the formation of Ia, The cyclic hydrazides of pyridine-3,4-dicare 
boxylic acids are light-colored, high-melting compounds which are very . 
Fig. 3 stable and are insoluble in organic solvents; they are soluble in aqueous ame 
monia, mineral acids, and hot acetic acid, and they are titrated by aqueous 
solutions of bases rather like monohydric phenols (the hydrazide of S-hydroxy-2-methylpyridine-3,4-dicarboxylic 
acid utrates like a dihydric phenol). 


A weak luininescence was observed when alkaline solutions of the hydrazides of alkylpyridinedicarboxylic 
acids were oxidized with hydrogen peroxide, but the solution of I c luminesced swongly, Like the analogous come 
pounds of the phthalazine series, the pyridopyridazinediones yield monochlorides upon treatment with POCI,, and 
they are alkylated by esters of toluenesutfonic acid, 


Figure 1 presents the absorption specura of hydrazides max 312 my, log € 3.712) IX Amax 270 and 
310 mp, log € max 3.78; 3.79), Ic £Omax 306 and 375 my, log € max 3.79, 3.93; and 1e(Amax 288 and 323 mp, 
log € max 3.73; 3.79). 


The substituted N-aminolmides are insoluble in aqueovs bases, but dissolve in alcohols, When heated ia 
the presence of basic catalysts they are converted to the iscmeric hydrazides, while they yield condensation pro= 
ducts with aldehydes, The ultraviolet absorption spectra of the N-aminoimides differ from the spectra of the hye 
drazides and are similar to the spectra of the corresponding linides which are unsubstituted at the nitrogen, and alsoto 
the specua of N-phenylimides, The absorption curves of 2,5,6-trimethylpyridine-3,4-dicarboximide (II) and the 
N-phenylimide (IV) (Fig. 2) have practically coincident maximums (308 and 310 mp) and only slightly differing 
values of the sbsorption coefficient (log € yay 3.83 and 3,88); they are very similar to the curve for the N-amino= 
imide of this acid, A change in the degree of substitution in the pyridine part of the molecule (Fig, 3, spectras 
of aminolmide 272 my; log € 3.69) and 2,5-dimethylpyridine-3,4-dicarboxylic acid N-phenylimids 
(¥) 300 my, likewise causes only a small shift in the maximum and does not eltes is chare 
ected, 


_ The authors express thelr deep appreciation to Academician B, A. Kazanskif for his attention and ald during 
completion of the present work and toL, A, Kazitsyna for carrying out the spectroscopic investigation, 
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EXPERIMENTAL 


2,5,6-Trimethy!pyridine-3 4-dicarboxylic acid N-o-hydroxybenzylidenaminoimice, A mixture of 1.6 g of 
the N-aminoimide and 1.6 g of salicylaldehyde in alcohol was refluxed for 2 hows, The yield of condensatioa 
product was 89-92%; m.p. 191-191.5° (from methanol), 


Found fo: C 66.17; 66.12; t4.85; 4.90 Calculated %: C 66.01; H4.8y. 


2,5,6-Trimethylpyridine-3 4~dicarboxylic acid N-p-hydroxybenzylidenaminoimide was obtained in 80% yield; 
mM. p. 233-234 


Found %: C 66.36; H 4.79 Calculated %: C6601; H 489. 


2,5-Dimethylpyridine-3,4-Gicarboxylic acid N-aminoimide (Ild), The residue obtained after heating 2,5- 
dimethylpyridine-3,4-dicarboxylic acid with hydrazine was exuacted with boiling alcohol, The undissolved ma- 
terial wes pyridazinedioue Id (0.07 g, 5% yield); m.p. 328-331°, From the alcohol extract was obtained 1.35 g 
(67.5% of Id; m.p. 175-178°, 


Found %< 56.19; 56.01; H 4.69; 4.58 CyHyN,O. Calculated % C $6.54; H 4,76 


2,5-Dimethy]pyrido-(3,4-d)-pyridazinedione (1d), A miature of 4 g of 2,5-dimethylpyridine-3,4-dicarbox= 
ylic acid andl g of hydrazine hydrate in 3 ml of glyccl was refluxed for 1 hour, The mixture was acidified with 
dilute acetic acid, and the 1d was washed with boiling alcohol. The yield was 2.4 g (60%); m. p. 333° (with de- 
composition) after distillation under vacuum, 


Fourd N 22.30 Calculated % N 21.97 


2,6-Dimethylpyrido-(3,4-d)-pyridazinedione (2b) was obtained in 70% yield by refluxing for 15 minutes a 
mixcure of the-acid and hydrazine in glycol; m.p. 290-293° (with decomposition), 


Found % C 55.84; H 4.57 Calculated C 56.54; H 4.76 
The literature [2) reports an m.p, of 302° (with decomposition), 


(1a): 62.5% yield (15-minute heating); m.p, 333° (with decom- 
position). 


Found % C 55.85; 56,03; H 4,78; 4.91 Calculated %e C 56.54; H 4.76 


, The yield of Ia from the dimethyl ester of the acid and hydrazine was 89, while from the dianflide and | 
hydrazine it was 70.2%, 
! Found, % Calculated, % 
Substance M.p.."C | Yield, 
2,5-Ditnethylpyridine- | 133,5—134 | 54 74,24 4,72 71,4 
i 3 4-dicarborylic acid 71,34 4,74 
N-phenylimide 
fim 152—154 | 62 72,00 5,34 72,17 5,30 
i] 3,4-dicarboxylic acid 72,16 5,39 
-phenylimice 
| 2,6-Dimethyl pyridine» 145—146 | 52,8 71,12 6,9 71,44 4,78 
3,4-dicarboxylic acid 
.6-Dimethylpyridinee = 
dianilidg 
a 


2,5,6-Trimethylpyridine-3,4~dicarboxylic acid N-aminoimide A mixture of 6 g of 2,5,6-pytidine-3,4- 
#. dicarboxylic acid and 1.5 g of hydrazine hydrate was heated in 10 ml of ethylene glycol for 15 minutes, The yield 
of Il¢ was 60% m.p, '211-212° (from methanol), 
i Found J C 58.74; 58,88; H 5.48; 5,51; N 20.70; 20.20 Cy,H,,N,O3. Calculated % C 58.52; H 5.41; N 20.46 
| | | 
ll 


. e 


$-Hydroxy-2-methylpyrido-(3,4-d)-pytidazinedione (Ic), The yield was 78% (10-minute refluxing); m.p. 
$03° (with decomposition), 

Found C 49.47; 49.60; H 3.89; 3.88 Calculated C 49.74; H 5.68 

2,5,6-Trimethylpyrido -(3,4-d)-pyridazinedione (Ie), A mixture of 5 g of 2,5,6-ulmethylpyridine-3,4- 
dicarboxylic acid N-phenylimids and 14 g of hydrazine hydrate in 20 ml of glycol was refluxed for 6 hours; the 
yleld of le was 73% m.p, 316° (with decomposition), 

Found C 58.38; H 5.52; 20.95 Calcvlated C 58.52; H 5.41 N 20.48 

The yleld of Ie from the acid and ‘ydrazine (2-hour refluxing) was 20%, while from the imide of the acid 
(m.p. 218-220°) and hydrazine it was 65% 

Reaction of pyridine-3,4-dicarboxylicacids with anfline, A mixture of the acid and anfline (1: 4) was heated 
at 160-180° for 2-4 hours, and the resulting precipitate was recrystallized from methanol (see table), 
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In previous work [1) we established that trichlorogermnane (HGeC1,), in contrast to wichlorosflane (HSiC1,), 
adds vigorously at room temperature to various olefins and their derivatives in the absence of a catalyst, 


In the present investigation, we studied the addition of HGeCl, to different chlorine derivatives of ethylene 
(from CICH =CH; to C1zC =CCl)), to which it is practically impossible to add HSiCl,, For example, the addition 
of methyldichlorosilane to vinyl chloride can be accomplished only in an autoclave at 160° in the presence of a 
catalyst platinum or carbon [2}, Howevez, the yield of a-chloroethylmethyldichlorosilane under these condi- 
tions does not exceed 7% of theoretical, 


CICH=CHy + HSiCH,Cl, 


The addition of HS{Cl, and of CH,C1,SiH to dichloroethylene, trichloroethylene, and tetrachloroethylene occurs 
with still lower yields in spite of the use of initiators and of vigorous conditions (3, 4}, In contrast, as we estab- 
lished in the present investigation, trichlorogermane adds readily to these chlorine derivatives of ethylene in the 

absence of a catalyst, 

7 i For example, when vinyl chloride is bubbled through menguentis the addition iowa the cvolue 
tion of heat, and this also occurs when trichlorogermane is mixed with dichloroethylene, trichlorethylene, and 
teuachloroethylene, It should be remarked that in the latter case the evolution of heat is scarcely ncticeable, .° 


However, the most unexpected result was that the interaction of vinyl chloride and en yielded 
6 -chlorcethyluichlorogermane rather than the alpha-substituted conipound; 


CICH CHy + HGeCly CICH,CH,GeCly. (33%) 


For this reason, we investigated the order cf addition of HSiC1, to vinyl chloride, It was found that, in spits 
of the use of such an active catalyst as chloroplatinic acid, HSiCl,, ss well as CH,C1,SiH, adds to —— chloride 
only in an autoclave and forms a-chloroeihyluichlorosilane in 


| 

7 

| ; 

72 


It was thus established that uichlorogermane adds to vinyl chloride {n a different order than does trichloro- 
silane, probably owing to different reaction mechanisms for the addition of the two reagend, The cleavage of 
HCl from a, 6 -dichloroethylrichlorogermane was cartied out by meansofboth quinoline and of aluminum chlo- 


ride. 


The use of these two reagera has previously been invesugated for a similar cleavage involving the analogous 
organosilicon compound (C1,;SiCHCI CHCl) [5, 6}. 


It was found that In the present case the previously noted regularity was retained; fe, quinoline split out the 
B-chlorine atom, and the aluminum chloride split out the a-chlorine atom, 


Aic}, 
ClsGeCH = CHCI (80 %) 


== CH; (42 %). 


The mechanism of the dehydrochlorination by aluminum chloride has recently been elucidated for «,B- 
dichlotoalkyltichlorosilanes [7, 8] as a rearrangement of a B-carbonium icn with a shift of the wichlorosilyl group 
from an alpha carbon to a beta carbon, It is probable that the rearrangement in the present case takes place by 
this same mechanism: 


Cl ——> -- CICH 
Cl,GeCH = CHCI. 


An attempt to split out HCl from C1,SiCH,CHCIGeC1, with quinoline led only to B-decomposition; =~ 


SiCl, + CH; = 


The a- and 8-chlorovinylmichlorogermanes possess curious properties, Upor standing for several hours, 
a-chlorovinlyluichlorogermane spontaneously polymerized to a milky, opaque solid material, As is well known, 
e-chloro- and a-bromovinylirichlorosilanes behave analogously [6, 


Like its sillcon analog [5, 9, 10) when B -chlorovinyltrichlorogertnane is titrated with an 0.1 N solution of a 
base, only three chlorines are hydrolyzed. Thus, we are not dealing here with the expected decomposition with the 
evolution of acetylene,which is a characteristic of quasicomplex compounds [11) (for example, Cl,PbCH = CHCl 
and Cl;SnCH = CHCl), The table presens the properties of five germanium compounds, which were synthesized 

for the first time in the preseat work, 


EXPERIMENTAL 


8 -Chloroethylwichlorogermane, CICH,CH;GeCl,. A stream of vinyl chloride was passed for an hour through 
15 g of wichlorogermane [1}. Vigorous evolution of heat occurred at first, The contents of the flask were cooled 
and then heated on a hot plate at 80° for an hour. A total of 6.5 g of 8-chloroethylwichlorogermane was obtained 
by vacuum distillation, The compound boiled at 75°(15 mm). The Raman and infrared spectra were in complete 
agreement with the spectra obtained with B -chloroethyluichlorogermane previously prepared by a different route 
2,13}, Titration of asample of 6-chloroethyltrichlorogermane in approximately 70% ethanol with 0.1 N NaOH 
using phenolphihalein indicator led to hydrolysis of precisely four chlorine atoms, but a day was required, © 


a, 8 -Dichloroethyl trichlorogermane, CICH,CHCIGcCl;. To 30 g of trans-dichloroethylene was added, with 
stirring, 54 g of wichlorogermane at a rate such that the temperature of the liquid did not rise above about 80°, 
The contents of the flask were then heated for half an hour at 80°, and were then distilled under vacuum, There 
was obtained 51 g of a6 -dichloroethylurichlorogermane, b.p.88° (12 mm), The yield was 62%, Precisely four 
chlorine atoms were hydrolyzed by 0.1 N base, a 


Trichloroethyltichlorogermane.Cl;GeC,H,Cl,. Under the conditions of the preceding equa’ 28 g of 
b.p. 92° (9 mm), was obtained from 20 g of trichloroeshylene and 27 g of wichloro= 
germane, The yicld was 55.3%, Titration with 0,1 N base hydrolyzed four chlorine atoms, 


| = 
| 
| 


B.p., Yield, MRp 
Compound ay ae 

pou C/mm| D ‘ | 
CICH.CH,GeCl, 75/15 32,5 4,5092 | 41,7637 41,08 40,35 
CICH; — CICHGeCl, 88/12 62 41,5240 | 14,8390 46,07 45,20 
92/9 55,3 41,5344 14,9000 50,95 50,028 
CHCl, — CCI-GeCls 423/25 48 41,5378 | 41,9243 56,14 54,862 
CH, = CCIGcCls 151 41,6 41,5002 
CHCI = CHGeCls, 164—165] 80 41,5139 | 1,7690 40,92 40,88 


* The literature [12, 13) reports a b.p. of 188° (756), n™D 1.5094; d™, 1.7587, - 


Tetrachlorcethyltichlorogermane, Cl,CHC],CGeCl,. Twenty grams of tetrachlorocthylene and 18 g of trie 
chlorogermane were mixed in a flask at a temperature of 60-90°, and heating was continued for 2 hours after mixe 
ing. A total of 16.5 g of tewachloroethyltichlorogermane was obtained; b.p. 123°(25 mm), The yield was 48%, 
A 0.1 N solution of base titrated four atoms of chlorine, 


a-Chlorovinyluichlorogermane,CH; = CClGeCly. A mixture consisting of 27.1 g of a,B -dichloroethyl 
tichloiogermane and 13 g ef quinoline was slowly distilled from a Favorskii flask to an overhead temperature of 
about 200°. A second dist{llation of the condensate yielded 10 g of a-chlorovinyltichlorogermane with 8 b.p. 
of 151°(753 mm). The yield was 41.5%, Only three chlorine atoms could be titrated, 


& =CHGeCl,. A mixture of 20 g of a8 -dichloroethylrichJorog srmane 
and 0,2 g of aluminum chloride was slowiy distilled from a Favorskii Mask, A second distillation yielded 16 g of 
6 -chlorovinyluichlorogermane with a b.p. of 164-165°, The yield was 80%, Precisely three atoms of chlorine were 
titrated by 0.1 1 base, 


6 -Chloroethyluichloresilane,CH,;CICHSiCl,, To a glass vessel contained in a 250-mil autoclave were cherged 


68 g of HSiCl;, 32 g of vinyl chloride, and 0.5 ml of an isopropyl alcohol solution cf H,i tClg*6H,O (0.1 N solution), 


The autoclave wes heated at 120° for 4 hours. Distillation yielded 19 g of ethyltrichlorosilane (b.p. $8-103°), the 
Raman spectrum of which was {n complete agreement with the specuum reported in the Iterature, The yield was 
20% of theoretical, Six grams of a fraction boiling at 136-139° was obtained, The yield was 6%, The Raman spece 
trum of this fraction correspond to that of a-chloroethyluichlorosilane; 0.1 N base titrated three chlorine atoms, 
The ethyl wichlorosflane wes apparently formed as a result of the following reactions; C1,SiH + — 
CLSi + CH, + HSiCl, + C,H;SiCl,, The specua were taken by L, A, Leites, 
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: 


In connection with the necessity of developing a polarographic analytical method of increased sensitivity, 
there has arisen a new branch — oscillograph polarography — which has {acreased the sensitivity of the method by 
one to two orders of magnitude, However, the possibilities of increasing the sensitivity of the ordinary method of 
polarographic analysis still have not deen exhausted. A good prospect in this regard is the use of catalytic cure 
rents [1] as well as new electrodes (the rotating mercury drop [2], stationary mercury electrodes [3], and various 
solid electrodes [4]). The highest sensitivity can be attained through the use of stationary spherical mercury elec= 
uodes of small surface.if electrolysis is first carried out at constant potential in orders to deposit ions in the meramy 
with the formation of an amalgam (to concentrate the elements); this is followed by anodic solution of the metals 
using an ordinary polarograph to record the curves. Most of the work in which stationary electrodes, “hanging“,or 
“lying® drops have been used, have been carried out with an oscillograph polarograph, Kemula and Kublik [5} 
used for this purpose an ordinary polarograph and a “hanging® mercury drop as the electrode, and they showed that 
it {s possible to detect certain metal impurities in reagents at concentrations down to 10°* M, However, these 
authors did not carry out systematic quantitative investigations, 


The present article shows that through the use of preliminary en=- 
richment of the stationary mercury drop, it {s possible to carry out quan= 
tative determinations of a number of elements, which form amalgams 
(Cu, Cd, In, Pb, Zn, etc.) by means of anodic solution curves; these de= 
terminations may be made at concentrations of the metal in the solution 
down to 10~* M, In order to establish optimum conditions for carrying 
out the analysis, systematic investigations were carried out on the ef 
fects of various factors (size of drop surface, electrolysis time for en=- 
richment, rate of stirring of the solution, temperature, etc.) on anode 
current values during solution of the metals, A modification of the cell 
of Nikelly end Cooke [6) was used; this {s shown in Fig. 1. The primary 
electrode was a drop of mercury “lying® on a capillary; the drop was 

* formed by turning the stopcock a specified number of :‘mes, The czpfile 
lary was first covered with a fm of chlorosilane, The other electrode 
was a saturated calomel elecuode, the end of which dipped into the so- 

. lution close to the mercury drop, Stirring of the solution during the pre- 
liminary electrolysis was accomplished by means of a stream of niuoe 


Fig. 1, Electrolytic cell, 1) Elece gen, which was passed Into the solution at a controlled rate, 

od 
Some 20-40 ml of carefully prepurified electrolyte (0,2 M KCI, 
gea inlet, ; hs KNO,, HCl) was placed in the electrolytic cell, and the solution of the 


Fig. 2, Anode solution curves for 
solution of metals from amalgams, 
Concenvations; Zn 0.01 y/ m! (1.6° 
*1077 In 0.005 y/mil (4.5°10°* 
M), Pb 0.01 y/ml (5-107* M), Cu 
0.01 y/ml (1.7-107? 


Fig. 3, Relationship between current 
minimum for anode solution of lead 
and surface area of the mezcury drop 
(Cpp = 0.1 y/ml). 1) With capillary 
covered with a chlorosflane film; 

2) capillary not covered, 


fon being investigated was added in a yolume such that the con- 
centration cf the fon was 10 ° M; sturring of the solution by means 
of the aiuogen stream was then {nitiated, The slide wire was thea 
adjusted so as to give a potendal 0,2-0.3 volts more negative than 
the half-wave potential of the fon being determined, both elece 
trodes were connected to the polarograph, and the timer was simule 
taneously switched on, Electrolysis was carried out over a fixed 
period of time (10-30 minutes), and 2 minute prior to completion 
of the electrolysis the stream of nirogen was stopped (the Hg drop 
then came to 2 quiescent state). Upon completion of the electro= 
lysis, a curve was obtained for anodic solution of the metal from 
the amalgam with the poiarograph operating in reverse, f.e., from 
a mote negative to a more positive potential, The anode solution 
curve: p-esented in Fig, 2 were obtained in this manner, The posie 
tion along the potential axis of the current minima of these curves 
identifies the metal, and the magnitude of the minimum determines 
the concentration of the metal in the amalgam, This same figure 
shows the graphic method used for measuring the current minima, 


Through a study of the analysis of a very dilute lead solution 
(0.1y / ml) it was established that the surface area of the mercury 
drop (Fig. 3), the rate of stirring, the electrolysis time, and the tem- 
perature all have a great effect on the magnitude of the current 
minimum of lead. However, when these conditions are maintained 
constant, it is possible to obtain readily reproducible result, As 
our experiments showed, the best conditions for analysis are: a drop 
diameter of 1.3-1.6 mm, a stirring rate of not less than that pro=- 
duced by a pressure of 80 m.n of water ®, and an electrolysis time 
of 10-30 minutes, An increase in temperature increases the sensidy- 
ity of the method, (The temperature coefficient of the current wes 
3 in the temperature range 20-60°.) Under standard experimental 
conditions, the relationship between the value of the current minle 
mum and the concentration of the metal was linear for a number 
of elements (Pb, Cu, In, Zn) over a concentration interval of 107 
t010°* M(Fig. 4), which indicates that the proposed method of 
analysis {s reliable, 


The value of the current minimum {s determined by two processes; the rate of deposit of the metal fons in 
the stationary mercury cattode and the rate of anode solution of the metal from the amalgam, The first process 
depends on the rate of convective diffusion of the fons to the surface of the drop, and difiusion layer sao may 
be applied to the process, Ir can be described by the equatios 


—ADt 
CuCy 


where C, Is the initial concentration of the fons (in ginbaitins C is the “en concentration at time t in a volume 
V (ml) with a cathode surface of A (cm); D is the diffusion coeffictent sides & is the thickness of the diffusion 


layer (cm), 


Equation 1) may be ween the foray 


t= Co 2,303VS 


° Internal diameter of the the was mm, 
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Equation (2) permits calculation of the time required for complete 
deposition of the metals in the mercury. However, in contrast to the 
method of Hickling and co-workers [7} who used a stationary mercury 
electrode with a large surface (1 cm’) and quantitative deposition of 
the metals in the mercury, the method proposed by us for concentra= 
tion of the eleincnts in the amalgam does not require their quantita- 
tive deposition, It 1s only necessary that when the surring rate and 
other conditions are maintained constant, the amount of metal de- 
posited be a linear function of {ts concentration in the solution for a 
fixed eiecuolysis time and a linear function, of elecuolysis time for 
a fixed concenwation of the element. As may be seen from our re= 
sults (Fig. 4), the required linear relationship {s quite satisfactory 
followed, 


The second process — anode solution of the metal — is determined 
chiefly by the rate of diffusion of the metal in the mercury to the mere 
cury — elecuolyte boundary and alco by the surface area of the amale 
gam, the temperature, and other factors (8), Our results on the current * 
values during anodic solution of lead, cadmium, indium, and zinc core 
relate well with the value of the diffusion coefficients of these metals 
in mercury [9] and also with their solub{lit{es in mercury [10], The 
very low values of the current during anodic solution of copper cannot be explained solely by the low value of its 
diffusion coefficient in mercury (D = ~1.0°10°* em*.sec™!) nor by the low solubility of copper in mercury (0.003%); 
appcrently, copper forms a series of compounds with mercury which, in the opinion of Russel et al, {11}, may have 
a composition from Cu,Hg to CuHgy. Moreover, the possibility of the formation of intermetallic compounds during 
solution of two or more metals in mercury cannot be excluded, However, this phenomenon has no effect on the 
quentitative determination of these metals, though the sensitivity of the method for copper is lower, The presence 
of surface-activ~ substances (gelatin and others) in the solution has an appreciable effect on the value of the cure 
rent, which is decreased by these substances, For example, the current minimum for lead is decreased by 16% when 
1-107°% gelatin fs present in the soiution, 


G07 y/m 
¢ 


Fig. 4. Dependence of.anode cure 
rent during solution oi metals on 
concenuation of ions in the solution, 


An important advantage of the proposed method is that it Is possible to determine several elements in one 
solution, since neither elements which dissclve from the amalgam at more negative potentials nor elements which 
dissolve at more positive potentials (even when their content is ten-fold and more that of the metal being detere 
mined) have an effect on the value of the cwrent minimum, This circumstance makes our proposed method very 
suitable for the simultzncous quantitative determination of several impurities, When impurities are determined 
from the anode solution. curves by the method of reference [7], only one metal can be cetermined, because only 
the first metal dissolving from the amalgam gives the correct value of the limiting current, and metals subsequent= 
ly dissolving at more positive potentials yield current values which are too low; in the opinion of the authors, this 
is the result of an elecuochemical substitution reaction, 


Our investigation also showed that it fs possible to carry out repeated determinations of the fons using the 
same solution,provided the mercury drop is renewed eachtime, This permits the use of the addition method foe 
quantitative determination of elements, Another Important advantage of the method is that it {s possible to detere 
mine very small amounss of impurivies wher there is present in the solution a large excess of fons with a more 
negative reduction potential (for example, indium may be determined in a concentration of 0,05 5/ml wity an 
In; Co ratio of 1: 10°), In order to accomplish this, it {s necessary to carry out the elecurclysis for indlum enrich 
ment at & more positive potential than the reduction potential of cobalt (at —0.9 volt relative to the normal caloe 
mel electrode), In this case, the measured current minimum for the anodic soluticn of indium Is the same as its 
value in the absence of cobalt, The average relative error of the proposed method for a metal concentiation of 
10°? 10°* M does not exceed # 6% The maximum deviation is # 15% 


The authors express their appreciation to Corresponding Members of the Academy of Sciences USSR LP. 
Alimarin for valuable advice during the progress of the work, 
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OXIDATIVE POLY MERIZATION OF TRIALLYLBORON 
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Translated from Doklady Akademfi Nauk SSSR, Vol. 131, No. 1, pp. 105-108 
March, 1960 


Original article submitted October 1, 1959 


The introduction of hetero atoms into hydrocarben polymer chains leads to the formation of polymers with 
new and valuable properties, There {s a large nuinber of well-known low molecular weight esters of boric acid - 
as well as different polymers of thioboranes, aminoboranes, phosphinoboranes, polyorganobcrosiloxanes, ete, 
Goubeau and Apple 1), in a study of the thermal decomposition of trimethylboron at 400-600°, showed that, along 
with hydrogen and methane, there are formed solid products of various colors from light yeliow to black, ell of 
which contain boron, The interaction cf ethynylmagnes{um bromide with boron tifivoride etherate in benzene 
yields the magnesium salt of tetraphenylethynylboric acid, which undergoes decomposition and polymerization 
when heated vader vacuum [2]. Among the different pyrolysis products of (CHy),BCH,CH,B(CH,)g are nonvolatile 
polymeric boron-containing compounds [3}. Kolesnikov and Fedorova [4] showed that tributylboron in the presence 
of boron trifluoride etherate causes polymerization of acrylonitrile, It was found that a is an active 
catalyst for the polymerization of styrene and methyl methacrylate, 


TABLE 1 


Polymers Obtained by Oxidation of Trially!boron (elemental compositions are in percent) 


Oxidation conditions c H Mp. CS 


Unpurified O,-containing nitrogen 
8,90 


In tert-butylbenzene at 130° 
+ 
In a at 130° 


at 20° (131 : 8°89 
H,03 de 21) ) 56,02 9,26 


The purpose of the present sitet was to study the polymers obtained from trlallylboron (5) and to show 
that it is a — for the polymerization of unsaturated hydrocarbom, 


EXPERIMENTAL 


Solid yellowish polymers, together with triallylboron, are formed when triallylboron is prepared in a stream 
of nitrogen not sufficiently freed from oxygen, Elemental analysis confirmed the presence of boron and oxygen ia 
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TABLE 2 
Fractions of Polymers Obtained by Oxidation of Triallylboron (elemental compositions in percent) 


Expezimental conditions Fraction B Cc H 


Heated to 15%, 1.5 hours, in ‘ Insoluble 6.79 | 21.22 | 5.05 
CCl Soluble 3.13 | 63,84 | 9.18 


Heated to 65°, 1.5 hours, in Insoluble 11,71 23.90 | 5.01 
tetrahydrofuran Soluble 3.72 62.99 | 9.98 


Stood in 10% KOH at 20° foe - Insoluble 4.59 54.26 | 9.30 
several days Soluble 5.49 58.98 | 9.39 


L 


these polymers (Table 1). We carried out systematic experiments on the polymerization of triallylboron with at~ 
mospheric oxygen and also in solution in lsopropylbenzenc and tert-butylbenzene at 130° with a nitrogen — oxygen 
mixture, The elemental composition and melting point were determined for the polymers obtained in these ex 
periments. 


No polymer was obtained when the attempted polymerization of uiallylboron with 5 mole'% benzoyl peroxide 
added was carried cut in sealed tubes from which the atmospheric oxygen had been purged with nitrogen; the ex 
periments were carricd out at 100°, Polymer was obtained when benzoyl peroxide was added to the wiallylboron 
in mole ratios of 1:1 and higher, The reaction was very violent with considerable evolution of heat, The benzoyl 
peroxide cecomposed according to the scheme 


GH;CO —O —O — COGH, (C,H,00),0 


The same reaction takes place with hydrogen peroxide, 


Thus, tlallylboron {s a compound which {s readily polymerized in the presence of oxygen, In order to elu 
cidate the reaction mechanism involved in the polymerization, uiallylboron was subjected to oxidation with a mixe- 
ture of niuogen and oxygen, The gas leaving the Mask with the oxidized sample gave a well-defined aldehyde re 
action: The sample acquired a lilac-blue color when fuchsin sulfurous acid was added, and the solution was aci- 
ified with hydrochloric acid; noi only the first portions of gas, but those sampled during the course of the experie 
ment gave this test, The polymerizauion may be represented as follows: 


o—O 
OCs oy, 
— CH, 


The active chains arising as a consequence of the decomposition can react either among themselves or by 
addition to unoxidized triallylboron molecules at the site of the double bond, forming trimeric products in both 
cases. A scheme for oxidative polymerization was proposed by Danilov and Koz‘mina [6], who, during an inves= 
tigation of allylcellulose, came to the conclusion that this ether can polymerize through the allyl groups by a re= 
action in which oxygen participates, 


This scheme has been completely confirmed by our investigations, As 4s well known, trimeric polymers ara 
insoluble, nonswelling, infusible products, and this was confirmed by the properties of the polymess studied in the 
Present investigation, They were difficultly soluble in various solvents, Soluble and insoluble fractions were formed 
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Fig.1. Dependence of relative® 
viscosity of polymethyl methace. 
rylate on concentration, 


D 

4 
6 ote 
Fig. 2, Kinetics of the polymesi- 
zation of styrene at 100° in the 


by prolonged treatment of the polymer with 10 percent KOH, and the 
first fraction was separated from wie alkaline solution by the addition 
to the solution of dilute hydrochloric o¢ nitric acid, When the poly- 
mer was heated at 65-75° In carbon tetrachloride or tewahydrofuran 
for 1.5 hours, soluble and Insoluble fractions were obtained, The sole 
vent was removed from the soluble fraction by evaporation, All of the 
CCl,-soluble polymer can be converted to Insoluble polymer by this 
method, The polymer behaved similarly with tetrahydrofuran, More= 
over, it is interesting that the elemental anaiyses showed that the chlo- 
rine content of the CCl,~insoluble polymer (10.19%) was higher than 
that of the soluble fraction (3.37%), and the oxygen ccntent of the 
polymer insoluble in tetrahydrofuran and in the base was higher than 
that of the soluble polymer (Table 2). Tre melting points of these 
polymers were above 250°, It was rot possible to determine the mo= 
lecular welghts of these polymers ewing to their poor solubility. 


We also studied the ability of triallylboron to cause or inhibiz 
polymerization reactions of a number of vinyl compounds, All experie 
ments were carried out in sealed tubes from which alr was purged from 
the gas phase by means of nitrogen, The tubes were held at 100% 5 
mole % triallylboron was added, ; 


Triallylboron was an active catalyst for the polymerization of 
methyl methacrylate, The reaction proceeded with considerable evolue 
ton of heat, and after 1-1.5 hours reaction at room temperature, the 


-¢ of trialiylboron: 
2) methyl methacrylate had become a solid, transparent block, Polymer 
KC Hy . yield was up to 86%, No boron was found during the determinadon of 
’ the e:emental composition (Table 3), which indicates that tlallyboron 


TABLE $ 
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Found 


Substance Sa Observed changes 


conditions polymer, % Cc 


Styrene 3 hr, 100° 29.26 Transpazent viscous 


Styrene + § mole % 
KC 3 hr, 100° 23.36 
Styrene Ghr,100° 51.23 
Styrene ¢ 5 mole 
6 hr, 100° 44,48 
9 hr, 100° 52.04 Transparent block 
Styrene § mole 
B(CsH,)5 9 hr, 100° fame 
Methyl methacrylate ¢ 
mole % 
Actyloninile + & mole® 
EC3H,)s 70 hr, 100° No change 
Vinyl acetate + 5 mole} 
60 hr, 100° No change 


le 1.5 hr, 20° Same 


does not copolymerize with the methyl methacrylste, The dependence of the viscosity of the polymethyl meth 
acrylate on concenuation is shown in Fig, 1, Trlallyboron had no noticeable effect on the polymerization ofetye, 
rene. Itonly very slightly inhibited the polymerization process, Thus, tubes containing styrene were held at 100° 
for 3, 6, snd 9 hours; trlallylboron was added to some of the tubes and omitied from ozhers, 


* Stated to be specific on the ordinste~Translator, 


4 
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92,21 1.19 
- | | 2.76 
| 92,20 7.80 
| - | 92.31 1.70 
- | 9235 1.07 
4 - | 60.10 | 8,25 
| 


The ytelds of polymer were, respectively: without the ade 
dition of K(CsH,)5, 29.26, 51.23, 52.04%; with the addition of 
5 mole: % B(C;H,);, 23.36, 44.48, 48.81% The variation In poly- 
. mer yleld with polymerization time Js shown in Fig, 2, The vise 
cosity of polystyrene prepared In the presence of wially!boron was 
significantly lower (Fig. 3). 


We also studied the polymerization of acrylonitrile and of 

; vinyl acetate in the presence of 5 mole % trlallylboron, Triallyle. 
| boron did not bring about polymerization of these compounds, 
even when the tubes were held at 109° for prolonged periods (50 to 

p : — 15 hours), Data obtained in our study of the polymerization of 
é 5 P QO § Mef/iiter a number of unsaturated compounds are presented in Table 3, 
Fig. 3. Dependence of the relative LITERATURE CITED 
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Copper catalysts, particularly copper chromite, have been quite widely used for the hydrogenation of furan 
compounds, The ability of these catalysts to hydrogenate double bonds and carbonyl groups without affecting the 
furan ring permits their use for the selective reduction of furan compounds containing various unsaturated bonds 
in the n.olecule, The useful sphere of copper catalyst in the hydrogenation of compounds of the furan series fs 
limited chiefly by the necessity of carrying out the reaction under liquid-phase conditions, Furfural, sylvan, furyl 
alcohol, furfuylidene ketones, and many other furan compounds are either reduced over copper chromite to more 
saturated furan compounds or are converted to aliphatic alcohols or diols as a result of hydrogenolysis of the ring, 
Moreover, in contrast to certain other catalysts, for example, Adams platinum catalyst, hydrogenolysis of the ring 
in sylvan aad in furyl alcohol over copper chromite proceeds in both possible directions — at both the 1,2 and 1,5 
C—O bond [1}. However, vapor-phase hydrogenation of sylvan at ordinary pressure and 275° over copper chromite 
[2}, and also over skeletal Cu~Al [3}, results in cpening of the ring at only one site, namely, at the 1,5 CO bond, 
All of these facts suggest an investigation of the effect of pressure and temperature on the succession in which un= 

“saturated bonds are reduced in various compounds of the furan series, The effect of these factors on the ee 
tion of furan compounds over skeletal Cu— Al catalyst was investigated in the present work, 


1, The investigation showed that pressure exerts a decisive effect on the direction of hydrogenolysis of the 
furan ring. As is well known, when sylvan {s subjected to hydrogenolysis over skeletal Cu-Al in a flow system at 
i normal pressures, the ring is opened exclusively at the C—O bond not adjacent to the methyl wcmmnece wo 
the formation of propyl ketove 


If, however, the bydrogenation of sylvan {is carried out in the vapor phase but at elevated hydrogen pressure, the 
furan ring fs cleaved at both possible locations=at the 1,2 and 1,5 C—O bonds~and the relative amounts of the 
resulting alcohols, 1~pentanol and 2-pentanol, vary appreciably depending on the hydrogen pressure used, Thus, 
- ' at 250° end 50 atm hydrogen pressure, 41% 1-pentanol and 44% 2-pentanol were formed, while at 25 atm end the 
same temperature, 39% 1-pentsnol and 54% 2-pentanol are formeds 
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An increase in temperacure favors, on the ene hand, dehydrogenation of thé 2-pentarol to methyl propyl 
ketone and, on the other hand, dceper decomposition of the sylvan with the formation of n-pentane and water, 
About 30% n-pentane, 12% methyl propyl] ketone, 20% 1-pentanol, and 24% 2-pentanol were formed at 340-350° 
and 50 atm. Moreover, hydrogenation of sylvan at elevated hydrogen pressure gave in all cases tetrahydrosylvan 
in a yleld of S-8% As is well known, te ate nai fs not formed in the presence of this catalyst at normal 
pressure, 


2, When alkylfurylcarbinols are hydrogenated over skeletal Cu—Al catalyst at either of elev: zed 
hydrogen pressure, the primary reaction is hydrogeration of the hydroxyl group and conversion of the alkylfuryl- 
carbinol to the corresponding a-alkyl furan, At ordinary pressure and 230-250°, a-alkylfurans can be obtained {n 


ylelds of up to 95% 
My 


Subsequent hydrogenolysis of the ring, which becomes more extensive at higher temperatures, leads to the 
formation of aliphatic ketones, However, the high degzee of selectivity with respect to hydrogenation of the hy- 
droxyl group and retention of the furan ring {s not observed when the hydrogenation is carried out under elevated 
hydrogen pressure, Under these conditions, hydregenolysis of the ring proceeds more vigorously and in two direce 
tions, and the reaction products contain, along with a-alkyl furans, aliphatic alcohols and a small amount of a- 
alkylteuahydrofurans, For example, the bycrogenation of ethyl-a-furylcarbinol in a Now system at 250° and 50 
atm hydrogen pressure gave 22% c-n-propylfuran, 10% a-n-propyltewahydrofuran, 24% 1-heptanol, and 25% 4- 


heptznol: 


heptanol-1 
heptanol-¢ 


3, As in the case of alkyl- a-furylcarbinols, it 1s possible for the primary reaction in the vapor-phase hy- 
drogenation of alkyl a-furyl ketones w be reduction of the carbonyl group with retention of the furan ring, Nickel 
deposited on zinc ot cadmium oxide [4}, for example, is a catalyst for this reaction, but another sequence of re= 
actions-reduction of the carbonyl grocp and hydrogenolysis of the furan ring~{s also possible. Thus, when the re= 
action is carried out in the vapor phase and at ordinary pressure over platinized carbon, hydrogenolysis of the furan 
ring at the C—O bond adjacent the carbonyl group in a-methyl-a‘-acerylfuran takes place before reduction of the 
carboayl group, and the primary hydrogenolysis products undergo further conversion with the formation of oxygen- 
containing casbonylic compounds with six-membered rings [5), 


In the hydrogenation of alkyl frryl ketones in the vapor phase at ordinary pressure, skeletal — catalyst 

_ behaves similarly to nickel catalysu, ie., ue carbonyl group is reduced first without touching the furan ring, and 

catalyst fs distinguished by its higher selectivity, For example, when 2-methyl-5~acetylfuran was hydrogen= 
ated at 230-250", the yield of was 


Here, as in the case of alkylfurylcarbinols, the use of elevated hydrogen pressure eons decreased the selectivity 
of reduction of the carbonyl group, since it promoted hydrogenolysis of the furan ring to a very considerable extent: 
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Properties of the Furan Alcohols and Spiranes Prepared in the Present Work 


Hydrogenation product B.p., 
1-a-Furyl-3-butanol  67—69 (4) 41,0202 1,4754 
1-a-Fusyl-3-pentanol T7—78 (4) 1,0023 $,470 
1-a-Furyl-3-hexanol 97—98 (5) 0,9861 4,4707 
84—85 (5) 0,9928 1,4738 
2-Methyl-3- a-furyl-1-propanol 72—74 (4) 1,0243 41,4785 
2- Ethyl-3-a-furyl-1-propanol 80—83 (3) 1,0059 4,4797 
2-iso-Propyl-3-a-furyl- anol 97—100 (4) 1,0013 41,4846 
1.6 =dioxas ~nonane $8,5—60(15) | 0.9968 | 41,4452 
49—50,5(4) | 0.9788 | 14,4489 


* In Doklady Akad, Nauk SSSR 128, 946 (1959), through an oversight the authors errone= 
ously gave for this compound the constants of 1-(a-furyl)-2-methyl-1-penten-3-one, 


4, Skeletal Cu~Al catalyst displayed high activity and selectivity for the liquid-phase reduction of furfuryll- 
dene ketones and a-alkyl-8 -furylacroleins to the corresponding furan alcohcls, At 120-140° the yield of ee, 
3-alkanols was 90-95%, and the yield of 2-alkyl-3-a~furyl-3-propanols was 75-85 


Canal 
40-188 ALIN so-180 ALIN 


3-Methyl-1 ,6-dloxaspiro-(4 ,4)-nonane and 3-ethyl-1,6-dioxaspiro-(4 ,4)-nonane were isolated in yields of 
12-20% from the hydrogenation products of a-alkyl-8-furylacroleins, The physical properties of the furan alcohols 
and spiranes obtained in the course of the work are presented in the table (for Literature values, see the article by 
A. Ponomarev [6]). 


Thus, the results of the present investigation show that the use of elevated pressure during the hydrogenation 
of a-alkylfurans over skeletal Cu-Al in a flow system results in hydrogenolysis of the furan ring in two directions 
with the formation of primary and secondary aliphatic alcohols, Normal pressure is the best condition for the selece 
tive hydrogenation of alkylfurylcarbinols and alkyl furyl ketones to the corresponding a-alkylfurans when the ree 
action {s carried out in a flow system over skeletal Cu Al catalyst, Skeletal Cu~ Al has a higher selectivity than 
copper chromite for the liquid-phase hydrogenation of furfurylidene ketones and c-alkyl-8 ee to the - 
corresponding furan alcohols, ae ‘ 
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In previous work [1J* we have carried out molecular orbital (m, 0.) calculations for dibenzenechromium, 
ferrocene, and the cobalticinfum cation (by the method of Roothazn [2]), which were consistent among themselves, 
Accoiding to these calculations, both in feztocene and in cibenzenechromium, there Js a certain effective positive 
charge on the central atom such that the electrons are partially shifted fom the central metal atom to the aromatic 
ring. This result is contrary to the concept accepted by certain authors that donor ~acceptor bonds between paizs 
of x electrons of the aromatic Mgands and free orbitals of the central atoms play a decisive role in the stability of 
aromatic complexes of metals [3], since such bonds would have to lead to transfer of electrons from the ring to the 
metal atom, The electron density distribution found by us indicates that in dibenzenechromium the reverse shift 
cf electrons, which corresponds to the formation of a dative type bond (formed by a pair of electrons from the metal 
and free antibonding orbitals of the ring), compensates and even outweights the shift due to donor — acceptor bonds, 
The positive charge on the metal atom in ferrocene is less than in dibenzenechromium, since in the first of these 
molecules, donor — acceptor bonds lead to a greater shift of electrons from the ring to the Fe, and this shift cannot 
be compensated by dative bonds and is outweighed only by the high polarity of the 1g type bonds —_ to unpaired 
electrons of CsH, and Fe) with a shift of electrons from the Fe to the ring, ss i et 

It seems to us that these results may be con= © 
nected with the relative diswibution of the atomic ore 


= bitals of the central atom and of the mo, of the ring, 
Symmetry since conditions for the interaction of a.o, and 
orbital energy. | energy. of the same symmeuy depend on the differences in 
= = the energies of corresponding orbitals, A rough idea 
of the distribution of a.o, may be obtained from atomic 
“1 13,74 | +4,76 spectra, Correspond for Fe and Cr are pree 
“1 ep 4,2) — sented in Fig. 1, These diagrams show that the levels 
%, | 0,09a,,+0,05p, | —13,12 | +3,73 of a free Cr atom Me above the corresponding levels of 
ys 0,92¢,,+0,39d,, | —10,56] +7,94 an Fe atom, On the one hand, the a and ¢ levels of 
Cn 0,%e,,40,35p, | --9,82] +4,05 the # electrons of the CgH, ring, both bonding and 
ss 0,55e,,+0,834,, | —5,22] +5,88 antibonding, are lower than the corresponding levels 
on ~ +4,00 of the C,lt, ring (see Fig. 2). Therefore, it may bo 
assumed that conditions for with the formation 


* There is an error in our previous article [1} ell values of —_ moments, both those in the tables and those ia 
“the text, should be multiplied by 4,8, 
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of donor — acceptor bonds are less favorable in dibenzenechromlum, 
Cr since the occupied orbitals in CgHg are low and the free Cr orbitals 
rentcan O are comparatively high, so that the corresponding bonds would prob- 
ably be weak, The dative bonds should be stable, because the oce 
cupled des, orbitals of the Cr and the free e,, orbitals of the ring are 
of close to the samie energy (see Fig. 3), On the other hand, in the 
case of ferrocene the distance between the lowest-lying free a.o, of 
3d — — 8,3 the Fe and the highest £ orbitals of the CgH; should be less than in 
3d —- — 10,8 dibenzenechromium, since an increase in the role of donor— acceptor 
bonds would be expected owing to the less favorable conditions for 
dative interaction in ferrocene, In connection with the above, it 
would appear interesting to consider the chromocene molecule, 
(CsH,),Cr, which has the same central atom as dibenzene chiomium 
and the same Igands as ferrocene and which, therefore should be intermediate between (CsH;),Fe and (C,H,),Cr. 


—-5,4 
4s ——e — 6,8 


45 —7,9 


Fig. 1, Location of atomic elec= 
tron levels in Fe and Cr atoms (in ev). 


In the present work, we carried out m.o. calculations for chromocene using the method of Roothaan fn its 
generalized form for radicals [4] [since (C,H;},Cr has two unpaired electrons}. During the course of the calcula- 
uns, some simplifying assumpuons were mace, similar to those made in our previous work [1}. The molecular 
orbitals and their energies are shown in the table, The ground state of (CgHs),Cr has the form 


Another possible triplet state is 


in which both unpaired electrons occupy the doubly degenerate ey¢ level, which Hes above the a°;, level, which, 
in turn, {s occupied by a pair of electrons; we reject this state because we were unable to obtain self-consistent 
m.0.. This conclusion as to the ground state is in agreement with our previous conclusion arrived at on the basis 
of a consideration of the valence state of chromium in chromocene [5}. The calculated energy levels &2g and a'1g 
are close togezha, so that the diamzgnede state 


lies close to the ground state, | . 


This shows that the observed paramagnetism of chromocene and the absence of an equilibrium between the 
pata- and diamagnetic forms is due not to a significant difference in the energies of the upper occupied electronic 
levels, but to a difference in the energies of the original valence states leading to molecular states A and B (128 
and 187 kcal, respectively), 


The latter conclusion relates not only to (C,H;),Cr, but apparently, also to other aromatic complexes, In all 
of the molecules which we have considered, the upper occupied levels are levels of symmety od and 80, end 
these levels are of closely similar energy. Moreover, in (CsH,),Fe and (C,H,),Co*, the €zg level Lies above ths 

&‘,g level, while there isan inversion in the case of the Cr compound (probably owing to the greater role of dative 
bonds), and the €2g level is below the&'yg level. Apparently, the 219 and e€3, levels are almost accidently degenerate 
in sromatic metal complexes, This conclusion as to the symmetry of the upper occupied levels and their quasie 
degeneracy is confirmed by the experimental data of McConnell (6) on the paramagnetic ananenes of vanadicene, 
(CsH,):V, for which he found that the three unpaired electrons ase distibuted between the (e2g)* and (a°sg)° levels,® 


The presence of thrée close energy levels (two €,,levels and an c';, level) leadsto the conclusion that from the 
point of view of m.o, energy, the difference between states with different diswibutions of electrons between ths 


* According to the calculations of Yamazaki [7}, the upper occupied level of (C,H;),Fe has the symmetry Cy. 
This seems improbable to us in the light of our valence state and m,o, calculations end of the experimental dats 
on the paramagnetic resonance of 


\ 


Fig. 2, Distribution of #-elecuron levels in 
and rings by the simple m.o.— 1, a. 0. 


and levels should be small, This confirms 
GH, CH, our previous conclusion that the number of unpaired 
electrons in aromatic complexes determined by 
7 the energy difference between the initial valence 
— 1,618 states, 
The fonization potential of chromocene (the 
C, 0,618 fs energy of the upper occupicd level is 4.82 ev, 
which is 70% of the experimental value (6.90 ev). 
a——C, + 28 The a.o, and m.o, coefficients of chromo- 
| a— C+ 2 cene lead to the following charge distribution: 


41.10 electronic charge on the Cr atom and — 0.17 
on each C atom, Thus, the charge on the Cr atom 
is significantly greater than that on the Fe atom in 


method (Cz < Cs) (CsH,)2Fe (40.68). This result is in agreement with 


' the tubstantial difference in the properties of fera 


rocene and chromocene, It is well known from 
chemical data that (C,H;),Cr differs greatly from 
34 typically covalent biscyclopentadienyl compounds, 
re approaching the fon ),, which appears 


mementarily in the metathetical reaction with 
FeCl, (with a ferrocene yield of 70%), in acid hy- 
drolysis, end in elecuical conductivity measuree 

ments (8}. A study of infrared spectra led to this 
same conclusion — that (CsH,),Cr is significandy 
fonic and that it is closely simflar to (CsH;),Mn, On the other hand, the charge on the Cr atom in (CgH;),Cr is close 
to that found for (CgH,)zCr (4 1.47), which és in agreement with the small dipole moment of the mixed complex 
(CgH,) Cr (CsH,) (between 0 and 0.4 D) (10). ‘That the charges on the Cr in the dibenzene and biscyclopentadienyl 
compounds are almost the same, together with the appreciable ionic character of (CgH.),Cr, suggests that (CgH,)Cr 
must be a partially fonic molecule in which the benzene rings play the part of the anions (in the same way that they 
i act as anions in interactions with alkalf metals), 


Fig. 3. Relative disuibution of ozbitals participating 
in the formation of arg (1) type donor-acceptor bonds 
and (1) type dative bonds, 
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Inner-complex salts of the general formula [PtA,]*, which are prepared by the reaction 


4+- [PtA3] + 2KCI 2HCI, ay 
should exist in the form of two geomeule (cls- and trans-) isomers, In 1931 A. A. Grinberg and V, V, Pritsyn fl} 
showed that in the case of GiH, reaction (1) leads to both {somers of [PtGl,] in a molecular ratio of cis-to trante 
of about 3:1, It was shown in 1934 [2] that the reaction of K,PtCl, with excess of GIH neutralized with a base 
proceeds according to the equations . 


-+ 4GIH 4- 4KOH ~ -+ 4KCI + 4H,0. (2) 
The addition of the calculated amount of acid to - soluble salt Kg[PtGl,] gave the difficultly soluble come 


pound 


+ 2HCI ~ H,PIG1, + 2KCI, 
It has elso been shown [3] that when H,PtGl, fs heated with water, st 1s converted to the cls-fromer of the 


(4) 


In 1937, one of us,together with A. A. Grinberg [4] showed that in the case of AnH (in contrast to the case of 
G1), reaction (1) leads to the formation of only the trans-isomer of [PtAn,]). In the Interaction of K,PiCl, with an 
excess of AnH neutralized with base, the reaction proceeds accordirg to an equation similar to (2); however, ths 
compound As en is not precipitated by the addition of an acid to the salt Ky [Pt‘n,) (the presence in the solution 
of [PtAn,)® anions was demonstrated [4] by fsolation of the compound [Pt(AnH),Cls}Cl, which was formed from 
the {PtAng]~ by oxidation of Pi(LI) to Pt(1V) in an acid medium), Cis-[PtAng) not only was not detected among the 
products of reaction (1), but it could not be — by a reaction similar to (4), since the compound H,PtAny 
was not fsolstad, 


HsPiGl, 2GIH + cis- 


AHL generic notation for monobasic amino acids; GIH represents a-aminoacetic acid (glycine); AnH represen 
a-aminopropionic acid (alanine); and BH represents a-aminobutyric acid, 

Jt has recently been established that this reaction procecds in two the compound {s formed in the 
first stage, 


| 

| 

| 
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In 1957, both fsomers of the inner-complex salt (PtB_) were synthesized by one of us (S}. However, in the 
case of BH (as in the case of Ant) reaction (1) led to the formation of only the trans-[PtB,}, Cis-[P1B,] was syn 
thesized from the compound K,{Pt®,}, which in turn was synthesized by reactions similar to(2), (3), and (4). We 
may remark that, as was shown by the work reported in reference [G), a reaction of the type of (2) proviges a 
general method for the preparation of K2{PtA,g) compounds, Thus, only in the case of AnH (of the Uuee simplest 
members of the a-amino acid homologous series) does the cis-Jsomer of the inner-complex salt still remain une 
known. The proposal that there is some hindrance (steric, for example) which interferes with the formadon of 
cis-[PtAn,} hasbecome improbable since the synthesis of the cis-isomers of ([PtGlz and [PtB,}, Therefore, we 
sidered that it was of major importance to attempt again the synthesis of this fsomez, 


EXPERIMENTAL 


Aswasnoted above, the compound H,PtAn, did not precipitate when acid was added to a solution of K,[PtAn], 
However, the compound H,PrAn, had to be present in the solution, and we assume that by heating the solution (by 
analogy to the behavior of H,Gl, and H,PtB, which scparated in solid form), the H2PtAng would be converted to 
cis-[PtAng} An experiment confirmed this assumption, 


To Smmolesof K,PtCl, were added 20 mmolcseach of AnH and KOH; the total volume of the solution was 
about 20 ml. The solution was heated for 1 hour on a water bath. To the almost colortess solution was added 1 M 
HCl (calculated on the basis of 2 mmoles of HCl per mmole of original K,P1Cl,), and the mixnure was heated for 
2-3 hours on a water bath, during which time the volume of the solution was maintained constant at 12-15 ml, 
When the solution was cooled, a voluminous white precipitate formed: this was suction filtered, washed with water, 
alcohol, and ether, and dried at 105°, The precipitate was found to be pure [PtAng) (about 30% yield). 


Found % Pt 52.55; 52.59; 52.63; N 7.62; 7.72 [PtAnz]}. Caiculated %: Pt 52.57; N 7.54 


The properties of preparations of [PtAnz], obtained by the route described above, differed considerably from 
the properties of preparations (identical in composition) of wans-[PtAng] prepared by reaction (1) [4 The solu- 
bility of cis-[PtAn] in water (1.1% at 25°) was about 14 times greater than the solubility of the wans-isomer, The 
trans-isorner formed tabulzr crysta's, while the cis-isomer formed rods, The isomers differed particularly in their 
behavior toward hydrochloric acid, When concentrated HCl was added to the cis-isomer, even in the cold, there 
was instantaneous and complete disappearance of the original precipitate, and a bright-yellow solution was obtained; 
under the same weatment, the trans-isomer became slightly yellow, brt did not go into solutfon, Upon wanmning, 
the cis-isomer dissolved in just the theorctical amount of 1 M HCl (2 moles of HCl per mole of cis-[PtAng}. 


The trans-dichloride [PYAnH),Cl,] has previously been obtained [4] from trans-[PtAn,} by refluxing with an 
excess of concentrated HCl (10 ml per g of the inner-complex salt), For the preparation of the cis-dichloride, we 
acded 2 ml of concentrated HCl to 1 g of cis-[PtAn,}, and the reaction mixture was heated for less than one min- 
ute on a water bath. A yellow precipitate of the cis-dichloride formed when the niixture was cooled; the precipitate wes 
transfesred to a glass filtez using concenurated HCl as the transfer medium, and it was then washed with ether and dried at 100°, 


Found S< Pt 43.63; 43.76; N 6.22; 6.17 [PAnH),Cl,}, Calculated 4 Pt 43.94; N 6.30 


The yield of the cis-dichloride was 80%, The alanine rings apenen when the isomeric inner-complex sal 
were treated with HCl; [PtAn,) + [PyxAnH) 


Both ¢ichloridcs are dibasic acids, and-they may be quantitatively titrated with a base in the presence of 
phenclphthalein; the products of the reaction [PU(A a + 2KOH + [PtAn,] + + 2KCl 4 2H,0 are fsomeric innere 
complex salts, 


The isomeric dichlorides have considerably different properties, The cis-dichloride is considerably more 
soluble in water than the twans-isomer (both are difficululy soluble in concentrated HCl); on the contrary, the same 
Gichloride dissolves considerably more readily in ether than does the cis-dichloride, 


The fsomens differ with respect to their behavior toward unfourea (Thio) and other reagents, When acted upon 
by thiourea (under identical conditions), the cis-dichloride gives about an 80% yield of a yellow precipitate of 
PUThio), Fl, (found: Pt 34.29 and 34.02% calculated; 34.21%), while the trans-dichloride gave a white pro» 

., €lpitate of [PY [4}, 


The absence of the cls-lsomer of [PtAng] from the products of reaction (1) 4s quite natural, since free HCI 
was found {fn the solution, in the presence of which cis-[P1Ang]is very readily converted to the soluble cis-dichloride, 


© 


* These same results were obtained when K,PrCl, was reacted with BH; the solubflides of cis-[PtAn,] and cls-[PtB,} 
in water [5] were alinost equal, Cis-[PtGl,]was appreciably less soluble in water(0.18% at 25°) than was {ts analog; 
therefcre. it was prepared, though in low yield, by the interaction of K,Cl, with GLH, 


Thus, the cls- and wans-{somers of [PtA3] have now been prepared for all three of the simplest a-amino 
acids, 


In conclusion, we may note that the compound H,PtAng, from which we assume we prepared cls-[PtAng}, 

has recently been {solated by us (though in low yield), and {t will be reported on Later, 
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There {s a considerable amount of data showing that it is possible for chlorophyll to form molecular come 
plexes with polar compounds [1-6}, Some authors have proposed [4] that the cyclopentadiene ring, which Is active 
in a number of chemical reactions, is responsible for the formation of these molecular compounds, Others [1-3) 
have proposed that the polar molecules add at the central, magnesium atom, It might be supposed that an ime 
portant sole in the formation of addition products is also played by the nitrogen atoms of the pyrrole rings, which 
are centers of localization of electron density in the chlorophyll molecule, This is suggested by data recently ob- 


Fig, 1. Changes in the absorption specuum of an 
acetone solution of chlorophyll a during Interaction 
of the latter compound with AgClO,. 1)Spectrum 

of the original solution of chlorophyll a; 2)the same 
after the introduction of AgCl1O,; 3)spectrum of the 
molecular complex of chlorophyll with AgClO, in the 
446-490 mp region; 4)spectrum ofthe molecular . 
complex pheophytin a with AgC1O, in the 4 440-489 
mp region, 


tained in our laboratory [7-8], which showed that 
chlorophyll a forms molecular complexes with such 


* electrophylic reagents as ferric chloride and stannic 


chloride, 


The data presented in the present article show 
that similar compounds with chlorophyll (and pheo= 
phytin) are also formed by other chlorides — HgClg, 
BeCl,, AlC1;, BiCl,, and NbCl, — and also by silver 
perchlorate, These compounds can be isolated in the 
solid state, Analyses carried out on the solid com= 
plex of chlorophyll with ferric chloride showed that 
the components are present in a 1;1 ratio, 


The interaction of any of these salts with 
chlorophy!1 leads to deformation of the absorptioa 
spectrum of the pigment, These spectroscopic chan- 
ges are illustrated in Fig.1 for the case of the fotere 
action of chlorophyll with AgClO, in acetone, It may 
be seen from Fig, 1that the spectrum retains, for the 
most part, the structure characteristic of dihydroe 
porphyrins, The number of bands and their relative 
distribution is the same as for chlorophyll; howeves, © 
their absolute position is different, The two most © 
intense chlorophy!l bands are shifted considerably 
toward the short-wave region, The sharp decrease of « 
the redband and the strong Increase ip the , 
ty of the Soret band are conspicuous, Withia ths ;’ 
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TABLE 1 


Chloroph 


limits of error of the measurements, the spectra 
of the molecular complexes formed by the chlor 
ides enumerated above differ litle among them= 
setves and from the spectrum presented in Fig. 1 
(curve 2), A characteristic feature of these spece 
troscopic changes {s that they may be detected 

in the presence of s:nail amounts of the salts in 
solution, Thus, when peste at a (in a concen= 
tration of the order of 1075 mole/ liter) is reacted 
with silver perchlorate (in a concentration of not 
less than 1-107 mole/ liter), the equilibrium fs 
shifted completely in the direction of the forma- 
tion of the molecular complex, At lower salt con- 
cenmations, the solution contains both chlorophyll 
and molecular complex, This makes it possible 
to determine the absorption coefficient at the 
maximums in the soecwa of the molecular com- 
pounds studied in the present work, We assumed, 
moreover, that one molecule of chlorophyll enters 
into the composition of each molecule of complex, 
Table 1 presents such data for molecular com= 
pounds of chlorophyll with silver perchlorate and 
with stannous chloride, It may be seen from the 
data of Table 1 that the absorption coefficients 

of these two compounds differ little from each 
other, The good reproducibility of the values ob=- 
tained in a series ofrepetitions of the measure= 
meas should be noted, 


The absorption spectra of the products of the interaction of pheophytin with the same salts were yery close 
to those just discussed. It should be noted, however, that the absorption of the *chlorophyll product” in the ; 
440-500 mp region was strong in comparison with the absorption of the “pheophytin product®, 2s shown by the 
curves in the upper left-hand corner of Fig. 1, This would appear to be a small difference in the spectra; however, 
it showed up very clearly in the color of the solutions of the corresponding genes he inietiaieda eae was 
green, and the “pheophytin produ=t® had a pale blue ting, 


The addition of these same salts to chlorophyll b and pheophytin b also produced changes in vr spectra, 


The above-described changes in the spectra of chlorophyll and pheophytin are observed not only in acetone, 
but also in other solvents (methanol, ethanol, benzene, benzyl alcohol, etc.) The fact that no deviations from the 
Lambert-Beer law were observed upon considerable dilution indicates that these complexes are quite stable, Ir fs 
characteristic, however, that in the presence of a very small amount of moisture, decomposition of the complex 
takes place with the regeneration of the original pigment, This reverse process is quite clearly observable whea 


1 
420 my 


Fig. 2, Curves showing the reversibility of the molec 
ular interaction of pheophytin with water, 1) Absorp= 
tion curve of the orfginal solution of pheophytin a; 

2) the same after the introduction of SnCly 3) the same 
after the addition of 2% water, 


* This assumption was subsequently confirmed by analytical data, 
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TABLE 2 
Positions of the Absorption Bands of Pheophytin b and Its Complex with HgCl, in Acetone 


Wave length of absorption maximums, mp 


v 


Pheophytin b ; | 530 428 
Molecular complex of pheophytin b with ry 
HgCl, 590 555 525 423 


traces of molsture are added to the appropriate solue 

- fe tion (Fig. 2). The high sensitivity of the reaction of 

of the pigment with the salt to waces of moisture ime 
poses rather strict requirements on the conditions 
under which the experiments are carried out; It fs 
necessary to use anhydrous salts and solvents which 
have been dried to as great an extent as possible, 
and the experiments must be cartied out under con= 
ditions such that penetration of atmospheric mofsture 
into the reaction sphere Is prevented. The majority 
of the exper:ments were carried out under vacuum, 
by the method described reference [7]. 


If the experiments on the effect of moisture 
indicate that the interaction of chlorophyll withsalts 
is reversible, then the behavior of these solutions dure 
ing prolonged storage under vacuum indicates the 
occurence in these solutions of irreversible processes 
in which the metal of the salt {s substituted for the . 
central atom in the pigment molecule, Figure 3 fl- 
lustrates a process of this type in the case of the {n= 

Fig. 3. Changes in the spectrum of a methanol so- teraction of chlorophyll 2 with AgClO,.° Processes 
ludion of chlorophyll during the course of the reac analogous to this transforinatioa of pheophytin by the 
tion with AgClO,. 1) Absorption curve for the orig complexing salts have been previously observed dure 
inal solution; 2) the same immediately after the ing the interaction of chlorophyll a with ferric chlo= 
introduction of the AgClO,; 3) the same after the ride and with stannous chloride [7, 8]. This thus con- 
solution had stood in the presence of AgClO, for three firms our previously published idea that the formadon 
‘days, of molecular complexes of chlorophyll with salts is 
an intermediate stage in processes in which the cen- 
tral atom of a pigment is replaced and that it takes 
place prior to the replacement of the central atom, In it general form, this process can be described as follows; 
MgPh + MgPh+ MCl, -» MPh + MgCla, 


The first stage of the process {s rapid and occurs immediately after the components are mixed, The rate of 
the second stage depends on the natures of the reacting salts and the solvent, Thus, replacement of Mg by Hg o¢ 
Be takes place over a period of a few minutes, With Fe, Sn, and Ag, this process requires days, The introduction 
of Bi and Al fons into the chlorophyll nucleus has not been demonstrated at all, Such processes proceed more rapide 
ly in methanol than in acetone, and they do not occur at all in benzene solutions, According to our data, the elcte 
trical properties of the solvent and the magnitudes of the effective radi of the corresponding fons play an essendal 
role in the second stage of the process, 


*The spectrum of the final product (curve 3, Fig, 3) was identical to the spectrum of silver pheophytin, which wes 
previously obtained in our laboratory by M, &, Ashkinazi and V, E, Karpit-ska, 
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As noted above, the interaction of chlorophyll with salts in benzene solution {s accompanted by the same 
changes in specura which characterized the reaction in acetone solution, However, the solubility of the resulting 
prim ary reaction products in this nonpolar solvent is very low, and they rapidly and completely precipitate, This 
feature of benzene solutions was used for the separation of the molecular compounds In the pure form and for the 
qualitauve and quantitative determination of their compositions, Although the separation of the complexes as 
solids was demonstrated during the interaction of the pigments with the majority of the salts used, ft was never= 
theless possible to obtain a product suitable for analysis only in the case of the reaction of chlorophyll (and pheo= 
phytin) with FeCl, In the remaining cases, the problem was complicated by the difficulty of washing the produc 
free of excess salt 


The carefully purified product of the interaction of these pigments with FeCl, was a blue powder, It was 
completely insoluble in benzene, ether, and acetone, in which the free pigments are readily soluble, However, 
it was quite readily soluble in slightly acidified acetone and in a mixture of benzene and acetone (1:5), 


In the determination of the composition of the complex, four parallel experiments gave the following molar 
ratios of chlorophyll to FeCly: 1:1.02, 1:1.5,1:1.1, and 1:1.13. The following ratios were obtained for the 
complex of pheophytin with FeCl,: 1:0.94, 1:0.88 (in three experiments), and 1:0,85. On the basis of these 
results, we assume that the molecular ratio of pigment to FeCl, in these interaction products is 1:1, 


With respect to the question of the nature of the bonds of these metal salu with tie chlorophyll in the molece 
ular complexes, only a preliminary opinion may be indicated, It is most probable that the molecule of salt (the 
dectrophilic reagent) adds to the chlorophyll at one of the nitrogen atoms of the pymole rings, and that one of the 
unshared electron pairs {s used for the bond, This is particularly indicated by the fact that the bonds between the 
Mg and the nitrogen atoms in the resulting compound are weakened, which is the cause of the easy replacement 
of the magnesium atom by the metal of the added salt, The addition of salt molecules to chlorophyll must be 
inevitably lead to the “Jump® of an electron inside the molecular compound, and consequently to a redistribue 
tion of the elecuon density in the conjugated system of x bonds in the porphyrin skeleton, The experimentally 
observed changes in the spectrum during the formation of the molecular complex are connected with this, The 
addition of the molecule of salt does not directly affect the conjugated system:The effect is an Luductive one 
durough the niuogen atoms, which, it may be assumed, explains why the observed changes in the spectra were in- 
significant and why the specura of complexes with different metals are closely simflar in structure in the visible 
reg loa. 


The 2uthors take this opportunity to express their deep appreciation to B. Ya, ous a guidance during the 

course of the work, 
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We previously {solated from the roots of Myrica gale L, the triterpene myricadiol, and showed that ft & 
taraxer-]4-ene-38 ,28-diol (I). 


The present communication presents the results of an investigation of another triterpene extracted from the 
same plant matcrial, which we have chosen to call myricolal, This uiterpene has the molecular formula C3,1(303, 
and forms an acetate and a 2,4-dinitrophenylhydrazone; the ebsorption spectrum of myricolal has a band at 
2553 cm™!, which indicates the presence of a hydroxyl group, When oxidized with chromium trioxide, myricolsl 
is converted to taraxer-14-en-3-one~28-al (myriconal), a substance which we previously obtained by oxidation of 
myricad{ol under analogous conditions, Therefore, the structure of myricolal must correspond to the compound 


taraxer~14-en-3-ol-28-al or taraxer 14-cn-28-ol-3-one, In the spectrum of myriconal we found two absorption 
bands, one at 1709 cm™{(ketone group), and one at 1726 cm™! (aldehyde group), while in the spectrum of myricolal 
there was only one of these bands, the one at 1726 cm™!, which corresponds to an aldehyde group, Thus, myricolal 
is taraxer-14-cn-3-ol-28-al, The steric configuration of the hydroxyl atthe third carbon atom remained unknown, 
In order to answer this question, we reduced myricolal with lithium aluminum hydride, This resulted in myricadiol, 
the dizcetate of which was identified by comparison with the diacetate of natural myricadiol, Consequently, the 
configurations of the secondary hydroxyls in myricadiol and myricolal are the same, 


The material presented above proves the structure of myricolal to be that of taraxer-14~-en-38 -ol-28-al (I. 


EXPERIMENTAL 


solation of Myricolal, The acetone mother liquors remaining after the separation of myricadiol were evepore 
ated, and the tarry residue was dissolved in benzene, An equal volume of a 20% solution of KOH in methanol was 
added, and the mixture was refluxed for 3 hours, Water was then added, and the benzene layet was separated and 
evaporated to dryness, The residue was extracted several times with small portions of bolling acetone, The insole 
uble portion was recryttsllized from a mixture of alcohol and dioxane, This aes 350 mg of crystals with ea 
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Found C 81.55; 110,90 CyHyO, Calculated C 81.76; H 10.98 


Application of the usual methods gave the acetate which, after recrystallization from a mixture of sicohol 
and dioxane, melted at 304-305" the 2,4-dinitrophenythydrazone melted at 250° 


Reduction of Myricolal, To a solution of 100 mg of myricolal {no a mixture of 3 ml of ether and 3 ml of bene 
zene was added 3 ml of a 2 N solution of Ithtum aluminum hydride, and the mixture was refluxed for 3 hours, 
Further treaument was in the usual manner, An attempt to recrystallize the substance from dioxane led to the 
formation of a gel, which is characteristic of myticadiol; therefore, the substance was acetylated, After two te= 
crystallizations from a mixture of alcohol and chloroform, the acetate melted at 252-254", A mixture of this mae 
terial with myricadiol diacetate melted at 254-255" 


The micsoanalyses were carried out by E, A, Sokolova, and L, D, Shishkina carried out the spectroscopic in 
vestigations, Student V. Tikhonov participated in the work, 
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THE PREPARATION OF DIBORANE BY REDUCTION OF BORON 
TRIFLUORIDE ETHERATE WITH CALCIUM HYDRIDE | 


V. I. Mikheeva, E. Fedneva, and 1. Alpatova 
(Presented by Academician L L, Chernyaev, November 10, 1959) 
Translated from Doklady Akadem{{ Nauk SSSR Vol, 131, No. 2, pp. 318-320 


Original article submitted October 27, 1959 


The reduction of halogen compounds of boron by calcium hydride has not been extensively studied, 


According to Hurd (1), when boron wichloride vapors are heated in the presence ef hydrogen at a temperature 
above 200°, gaseous products containing diborane are formed. Hagenmiller and de Pape (2) studied the interaction 
of gaseous boron trifluoride with calcium hydride and found 
that diborane is formed at 225-300°, but the reaction {s not 
complete at this temperature. At 300-700°, the major reace 
tion products are higher boranes and boron, while calcium 
boride, CaB,, the major product at higher tempesatures, 
These authors considered the reduction of boron tifluoride by 
calcium hydride to be a new method for the preparation of 
boron (at 300°) and calcium boride (at 700°). 


The present wor’: was devoted to the problem of finding 
conditions under which the reduction of boron trifluoride ether 
ate by calcium hydride would yield diborane, and it was a 
continvation of our work on the reaction of boron mifluoride 
fy with lithium hydride [3-5} In invest'gating the reaction of 

BF, etherate with calcium hydride, a thermographic study of 


wa this réaction was first carried out using a Kurnakov pyrometer 
connected to record temperature differentials; samples of the 


: effluent gas were taken during the thermal analysis and were 

Fig. 1, Thermogram of a mixture of cale analyzed, 

The thermal analysis showed that evclution of diborane 
practically coincided with the beginning of boiling of ihe boron 

tiflvoride etherate (120°), and the greatest amount was obtained at a mole ratio of — to — of close to 3:2; 

the reaction probably according to 


IS 


t 


_ In addition to the thermal effect corresponding to this reaction (which was maximized by superposition of the heat 

_ of vaporization of the boiling etherate), all thermograms (Fig. 1) showed an endothermic effect at 250-322", which 
corresponded to decomposition of calcium fluoborate, Ca(BF,)s, (decomposition temperature 260-295" 
~CaFs + 25F,, and an exothermic effect at 300-333" dus to the formation of elemental boron according to tha: 


} i 
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Fig. 2. apes for the preparation of diborane, 


Synthesis of diborane was carried out at a temperature close to the boiling point of vn etherate, The ap= 
paratus consisted of a reactor fitted with a mechanical stirrer with a mercury seal, a reflux condenser, a dropping 
funnel, an inlet mde for nitrogen, and a thermometer (Fig. 2), The calcium hydride (150 mesh) was charged to 
the reactor, and the boron wifluoride etherate was added gradually. Vigorous evolution of diborane began when the 
mixture was heated to 110-12C°, and the diborane was absorbed in a benzene solution of para-toluidene, The yield 
of diborane was calculated in two ways; from the amount combined with the amine and from the consumption of 


calcium hydride, 


The ratio of the reactants had a decisive effect on the yield of diborane (table), When the amount of boroa 
trifluoride etherate was insufficient, a spontaneous exothermic reaction developed in the reaction mixture approxim- 
ately one to two hours after evolution of the diborane had begun: This resulted in gn increase in the temperature of 
the mixture to 450-500", When this occurred, the reaction mixture darkened, and the yield of diborane dropped 
sharply (experiments 1 and 2), The highest yield was obtained with an excess of etherate of up to 60% (experi- 
mens 4 and 6), Elemental bromiue and iodine had no activating effect on this reaction, 


CaFg, C2(BF,),, CaHz,and elemental boron were found in the solid reaction product by x-ray (Debye) and 
chemical inethods, The presence of Ca(BF,), was confirmed by thermat analysis, The formation of calcium ail 
oborate can be representec by the scheme: CaF, ¢ 2BF,-eCa(BF,)y. 


Chemical mewiods failed two disclose the presence of calcium fluoborate in the reaction producs, The die 
borane was ideanfied as it p-toluidine and wimethylamine addition product, which were identified by boron con- 
teat, hydride hydrogen content, and melting point, 

Found $e B 8.98; 9.12:H, 2.47; 2.39 BH, Calcrlated b 8.95; 
M.p. 59-60° (literanure [7]: 60°). 

Found B 14.95; 14.70; 4130; 4.125 (CH,),N°BH,. Calculated B 14,85; 4.128 
(after distillarica) 94° 96°. 


The resuls of our work show that diborane can be obtained in - yield by wane of boron anes 
etherate with calcism 
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Data from the Study of the Reaction of Calcium Hydride with Boron Trifluoride Etherats 


Charged, g (mole) % | 
BH, Reaction 
temp 
: by amt, 
i }12,6 35,5 3:2,5] 22 |Notdet.| — — |120°, 
(0,3) (0,25) then to 
450° 
2 |13,6 35,5 62 |Notdet.| — — jthe same 
(0,32)} (0,25) 
3 32,7 434 20 |Not det. | — — jrhe same 
(0,25)) (0,23) 
4 44,3 4:4 |=100 [Norden | — _ 420° 
(0,4) (0,4) 
5 4) 3:2 73 65 | 20,61] 58-60] 2,47 420° 
(9, 
6 | 21,3 4:4 95 | 22,45) S8—59] 2,39 | the same 
(0,45) ° 
7 3 3:5 70 
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CONTRIBUTION TO THE PROBLEM OF THE MECHANISM OF 
THE ADDITION OF SILICON HYDRIDES TO UNSATURATED 

COMPOUNDS IN THE PRESENCE OF PLATINIZED CHARCOAL 
AND CHLOROPLATINIC ACID 


V. A. Ponomarenko, G. V. Odabashyan, and Corresponding 
Member AN SSSR A. D. Petrov 


N, D, Zelinskit Institute of Organic Chemistry, Academy of Sciences USSR 


Translated from Doklady Akademii Nauk SSSR Vol, 131, No. 2, pp. 321-324, 
March, 1960 


Original arucle submitted December 4, 1959 


The researches of Benkeser and Hickner [1], Spefer and coworkers [2, . 1, and Goodman, Silverstein and 
Benitez [4] on the mechanism of the addition of silicon hydrides to unsaturated compounds in the presence of pla- 


unized charcoal and of chloroplatinic acid have indicated that the addition proceeds by a heterolytic fonic mech= 
anism, 


Ourobservationson the “concurrent™ addition of fluoroethyl allyl ethers led us to the contrary conclusion 
that the reaction instead proceeds by a specific homolytic reaction [5, 6}, It specificity is due to the occurrence 
of the reaction on the surface of a heterogeneous catalyst, The possibility of radical reactions of a simflar type 


being catalyzed by a heterogeneous catalyst has recently been placed on a theoretical [7, 8] and experimental 
basis [9]. 


In the present work, we proposed to study the mechanism of the addition of silicon hydrides to unsaturated 
compounds in the presence of platinized charcoal, We first of all attempted to “fix” the radicals appearing dure 
ing the interaction of silicon hydrides with platinized charcoal and obviously. bound to the catalyst, using die 
phenylpicrylhydrazyl for this purpose, The data shown in Table 1 persuasively indicate that the catalyst significe 
antly facilitated the homolytic rupture of the Si—H bond in C,H, SiHy, (CgH;)3SiH,, (C;H,)sSiH, and 
CH,C,H;),SiHJeading to the formation of atomic hydrogen, which was “fixed® by the diphenylpicrylhydrazyi, 


That this reaction was not eccompanied by hydrogenation of the NO; group was shown by the reverse con= 


version of diphenylpicrylhydrazine to the diphenylpicrylhydrazyl free radical, which was readily accomplished 
under the influence of lead peroxide 


(CoHs)s NNHCHs (NOs), (CoHa)s 


As may be scen frorn Table 1, the rate at which the Si H bonds were ruptured depended essentially on the struce 
ture of the silicon hydride; The more the reacting Si-H bond was protected by the substituents, the more difiicule 
ly bond rupture took place, In the case of (C,H,),SIH, almost no homolytic hydrogenation of the diphenylpiczyie . 
hydrazy) occurred under our standard conditions, Neither toluene nor tetrafluoroethy! allyl ethee, elther ia the 
presence or absence of the catalyst, formed radicals which could be “captured * by the diphenylpicrylhydresyi, 
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TABLE 2 
Homolytic Hydrogenation of Diphenylpicrylhydrazyl (1) 


Timer foe 
Amount | Amount of 
Expt. Silicon hydride conversion of 


No. oft,g | | min 


240° 
0,008 


SNSN SNSN 
aga BeBe 


8283 


0.0025 
0,0025 


© At the boiling point of the hydride, 78°, 
°° Appreciable change of I was not observed over the time {interval {ndicated, 


As we have previously repocted (6) with respect to “concurrent” addition the sficon hydrides investigated 
may be arranged in the following order of decreasing acuity: 


> (CHa) (Cl) SiH > (A, SiH > > 
0,9 


while with respect to addition may be arranged ina different osdexs 
(GH,) SiH > (CHs) (GH,) (Cl) SiH > CI,SiH > (CHa) (CoHa)s SIH. 


The addition of even small amount of C,H,SiHCls to CHAC,H,)SiH promoted addition of the latter to a substantial 


These facts can be explained on the basis of the assumption of the occurrence on the surface of the platinized 
charcoal of the follow ing radical processes, starting with rupnure of the Si— H bond in C3H,(C1,)SiH which, obviously, 
is more ready adsorbed on the surfaces 

GH SIHCle——> + fis 
2. -+ HSI (CHs) + (Cotas 
3. (CoHs)s (CHs)51 + CHy CH-R (CoHs)s (CH) SICH CHR; 


+ 51 (CHL) ete., of 


by (CaHy)s (CH) SICHCHR, 


| 
? CH, 0.0080 
H,—S!I — 
: 3 0.0058 - 
0.0050 0.0000 
46 0,0050 - 2 
0,059 0.0000 19 
Car 
¢ CH, = CHCH,OCF,CFCIH 0,000 - 
| 0.0086 0.0200 
‘ 
¢ cn, 0,008 - 
i 
extent, 


TABLE 2 


Deuterium Exchange Between C,H,SIHCl, and CH,(C;H,),SI1D (the figures in parentheses 
refer to product in contact with the walls of the autoclave) 


Amount in mixture, % 


‘Type of experiment 


Amt. of 1% Pt/C.g 
Prmaxe etm 
Reaction time,hr 
CH,SIHCh 
CHAC,H,) SIH 
(CHy (GH), SID 


Heated in plass am- 


ule without 
- $3 6 2 “4 10 
| es | a) | 
2 Heated in autoclave 
with catal 0.2 168 2 | @2-25) | (a) | () 
Heated in glass am- 
poule with catalyst oo | 7] 2) - 


Notes, 2) The intensity of the Si-D Raman Line for (CH;XC,H,),SiD — 1527 em! 
decreased considerably; b) a new intense line appeared at 1608 cm™! in the Raman 
spectrum of this mixture; the meant corresponds to the ey of Si-D in 


the ‘of C,H, SiDCls. 


The initiation of the reaction can also be represented in a somewhat different form, ‘pamely as the addition 
of @ (C,H,XCI,)Si radical to the unsaturated bond with the subsequent reaction of (CH;XC3H,),SiH, the Si~Hbond 
of which ruptures under the influence of the (C,H,),(CH,)SiCH,CHR radical more readily thar does that of 


; 


The first scheme indicates that snsiuniin exchange between C,H{C1,),SiH and CH,(C,H,),SiD would be poe 
sible under these reaction conditions in the presence of platinized charcoal, . 


The data of Table 2, which presents the cata from deuterium exchange experiments, confirm this assumption, 
Deuteriumexchange did not occur in the absence of a catalyst. The catalyse and the walls of the reactor, on which 
there always remained platinum from the experiments with H,PtCl,, readily promoted deuterium exchange, With 
C,H,SiHCl,, deuterium exchange occurred to the extent of approximately 50%, Considering the addition reaction 
as basically a homolytic reaction not only permits an explanation of a number of previously difficuldy explainable 
facts, but also permits to some extent a better informed approach to the selection of catalysts for this commerciale 
ly important reaction, Thus, it is well known that during the addition of silicon hydrides to acrylonitrile in the 
presence of free radical initiators, the latter readily polymerizes to give a mixture of high-boiling telomens, In 
the presence of platinized charcoal, where the process occurs on the surface of the catalyst, these reactions are 
suppressed to a significant extent, but they nevertheless occur, It might be assumed that these factors would not 
play the same role in a heterolytic mechanism, It Js no accident that with i ei bases are the most suite 
able catalysts for addition according to the scheme 0,11} 


= SITH™ + CHy = CH;CN & 


In conformity with these considerations, we carried out the addivion of trichlorosilane to acrylonitile uader 
the influence of dimethylcyanamide, and the reaction proceeded successfully, Dimethylcyanamide is a new 
catalyst {ce the addition of silicon hydrides to unsaturated compounda, 


The addition undoubtedly proceeds in a more complex manners in the presence of HPC, which may be 
because the biggest part of the H,PtCl, is reduced to Pt during the reaction, We suggest that in this case also, 8 
homolytic mechanism better explains the experimental facts than does a heterolytic mechanism, 
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EXPERIMENTAL 
Homolyde Hydrogenation of Diphenylpicrylhydrazyl (1) to Diphenylpicrylhydraz ine (11). 


The experiments were carried out under standard conditions at a temperature of 94°, both with and without 
a catalyst. The results of the experiments are presented in Table 1, 


2, Methyldiethylsilfcon deuteride 


A mixture of 80 g (0.58 mole) of methyldiethylchlorosilane, 40 g (4.4 moles)of lithium deuteride, and 105 ml 
“of absolute dibutyl ether was heated for 20 hours in a stainless steel autoclave fitted with a mechanical stirrer, @ 
thermometer, and a fractionating column packed with nichrome packing, The reaction was carried out at the bofle 
ing point of the mixture,with vigorous stirring, The resulting crude product was redistilled, and 30 g (50%) of 
methyldietiylsilicon deuteride was obtained, tc the Raman data, this material contained 
CHYC,H,),SiH; b.p. 76.8° (735 mm) 0,7102, 1.3975. 


3, Deuterium Exchange Between C,H;S{HCl, and 


| ‘The effect of the catalyst (1% Pt/C) is shown by the data of Table 2, The experiments were carried out in 
glass ampoules, which were placed in an autoclave constructed of 1Kh18N9T stainless steel.* In order to detere 
mine the effect of the autoclave walls on deuterium exchange, an experiment was carried out in the autoclave 
{tself, Reaction conditions for the deuterium exchange corresponded to those for the addition of these same hydrides 
and deuterides to unsaturated compounds in the presence of 1% Pt/C. Quantitative and qualitative analyses of the 
mixtures of reaction products were carried out by means of Raman and infrared spectroscopy.** The accuracy of 
the determinauons was about 1-3%, The initlally equimolar nifxture contained 56% C,H;SiHCl, and 44%CHACgHg)3¢ 
*SID and CHYXC;H,),SiH, According to the Infrared data, these same mixtures contained 59% C,H,SiHCl,, 31% 
CHSYCz45),SiD, and 10% CHYC3H,),SiH, From 21 to 46 g of the equimolar mixture was used for the reaction, along 
with an appropriate amount of catalyst (0.1 g of 1% Pt/C for each 0.2 mole of the mixture), A comparison of exe 
periments 1 and © clearly indicates that under the conditions used for the addition reactions, 1% Pt/C catalyzes 
deuterium exchange between C,H,SiHCl, and CH,(C,H,)SiD. Moreover, approximately 50% of the C,H,SiHCl, re= 
acted, As experiment 1 shows, the effect of the autoclave walls,on which taces of platinum were peg 
experiments vith H,PtCl, was the same as the effect of the 1% platinized charcoal, 


4. B-Trichlorosilyl propionitrile C1,SiCH,CH,CN, 


} 


A mixture of 40.6 g (0.3 mole) of trichlorosilane, 15.5 g (0.3 mole) of acrylonitrile, and 3 g ©. 043 mole) of 
dimethylcyanamide was charged to a glass vessel, which was then placed in a test autoclave and gradually heated 
for 2 hours, When the temperature reached 124°, it jumped to 168° and the pressure increased to 8 atm at the same 
ume, The crude reaction products were twice distilled under vacuum, and 20,3 g (37%) of pure B-tichlorosilyle 


propionitrile was obtained: b.p. 92-94° (15 mm), m.p. 34-35°, The literature gives 32-33° for the melting point 
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This steel contains (a percent Mn~1,22, Si ~0.34, P~0,026, §~ 0,01, Cr~17.45, Ni~1043, 
Ti ~042, 


°° We are indebted to Yu, P. Egorov for carrying out the analysea, 
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CALORIMETRIC DETERMINATION OF THE HEATS 
OF FORMATION OF FERRITES 


- 


L. A. Reznitskit and K. G. Khomyakov 
M, V. Lomonosoy Moscow State University 
(Presented by Academf{cian V. L Spitsyn, November 10, 1959) 


Translated from Doklady Akademii Nauk SSSR Vol, 131, No, % PP. 325-328 
March, 1960 


Original article submitted November 8, 1959 


The Uterarure contains comparatively few reports of work devoted to the determination of the thesmodynamie 
functions of ferrites, For practical reasons, the synthesis of ferrites requires the determination of the free energies 
and heats of formation of ferrites. We have determined the hears of formation of copper, zinc, and calcium fere 
rites from the differences in the heats of interaction of mixtures of the oxides and ferrites at 413°K with a mixture 
of sulfuric and phosphoric acids; the method has previously been described in connection with the determination of 
the heat of formation of magnesium ferrite, 


Starticg material 


CuO + Fe,0, 
9,003-10-*inole 
2n0 + P 2,0, 
9,1-10-* mole 
forte) + 
$,¢3-10~* mole 
CaPe,0, 
mole 


of solution 


ferrite from the oxides 
- AH, kcal/ mole 4,6 19,4 


The copper and zinc ferrites were prepared by thermal decomposition of the fsomorphic schoenites having 
the composition 4/, MSO, **/ FeSO, *(NH,);SO,°6H,O where M is Cu or Zn, The calcium ferrite was prepared vis 
the ceramic route with calcination at 1100°, Throughout the entire series of experiments, equal weights of fer~ 
rites and the corresponding mixtures of ferrite-forming oxides were used in order that the final soiutions would be 
at the same dilution, The resuls of the experiments on the detrxmination of the heats of solution of the mixmres 
of oxides and ferrites in the acid at 413° K are presented in the table, 


Taking into account the heat of formation of MgFe,0, from MgO and = 9,2 kcal/ mole-fs fs 
evident that there fs a decrease in the exothermic heat of formation of ferrites from the oxides in the serics Ca, 

_ Mg, Zn, Cu, which fs in agreement with the electromotive series of metals, The very low exothermic effect dus 

ing the formation of CuFe,0, from the oxides fs in good agreement with the thermal instability of CuFesO, above 

1100°, where there is thermal dissociation according to 4CuFesO, = 2Cu,O + + Op 
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For the calculation of the heats of formation cf CuFe,O, and ZnFe,O, from the elements at 413°K, use was 
made of the C, equation aint the values of AHy5q for the oxides [1, 2}. From these data, and using the heats of 
formation from the oxides determined in the present work, we calculated a value of ~233.7 kcal/mole for AHig1s 
for CuFe2Q, and a value of ~284.9 kcal/ mole for for ZnFe,O,. It is possible to recalculate the thermodynamic 
data for magnesium and calcium feirites to 298°K, since thelr heat capacities have been determined by King and 
Bonnickson [3,4} The heats and free energics of formation of magnesium and calcium ferrites are presented below, 


AF 
kcal/ mole kcal/ mole 


Mg Fe,0, 349.9 322.9 ° 
CaFe,0, 385.9 340.2 


Two determinations of the heat of formation of calcium ferrite are described In the Uterature. Marchal [5) 
obtained for the heat of formation of CaFe,0, AH= —398 kcal/mole, Later, Honus found AHxg =—364.5 kcal/mole, 
The value obtained by Honus Js {n agreement with our determination (AH35g =—365.9 kcal/mole), 
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Mixed cyano complexes of metals of the prusside type have been investigated to a considerably lesser extent 
than have the corresponding homogeneous compounds, This {s even more the case with respect to sulfur-containing 
cyano complexes of metals, of which only the few representatives descrfbed in papers by E, Pechard (1), V. Heide 
and K, Hofman [2], and E, Crepaz [3] are known, More recent literature [4] mentions sulfur-containing complex 


fron cyanides of the compositicn Nag,[FeXCN)gS3hy, the formation of which permis detection of sulfur fons in an 
alkaline medium, 


Our previous work [5-7], which was devoted to nydroxoulfotetracyancmelybiaie, showed that it is possible 
to replace to hydroxyl group by a sulfur fon, 


It seems desirable to attempt this reaction with other metals which form hydroxocyano compounds, One such 
possible metaiis cobalt, which forms the compound K;[Co(OH\(CN)s)* HzO; this compound has been prepared by L, 
Smith, J. Kleinberg and E, Griswold [8]. The starting trivalent cobalt compound was prepared by the method of 
the above authors by the action of the calculated amount of potassium cyanide on cobalt nitrate and further oxida 
tion of the potassium pentacyanoaquocobaltate with atmospheric oxygen, 


We studied the interaction of this compound with potassium sulfide, which proceeds according to 


Ks [Co** (OH) (CN)s} -+ 2KsS - = Ky [Co™ (CN)sS3 2KCN + KOH. 
Potassium sulfide was added to 30% solutions of the original cobelt compound in molar ratios of 1:1 and 1:2, 


In both cases there was observed a gradual change in the color of the solution from dark brown to a yellowish 
orange, The reaction took place at room temperature over a period of several hours, and the product was separated 
on the following day by means of ethyl alcohol, The compound formed coarse rhombic crystals having a dark ame 
ber color, The product had the same composition regardless of the amount tof potassium sulfide introduced, 


Chemical analysis gave the following results 


Found K 35,21; 34.82; Co 12.82; 12,63; N 9.03; 9.11; 13.91; 13.74; 19,93; 19,87 KulCXC 
°4H,O, Calculated K 24.94;Co13,17; N 9.38; § 14,33; H,O 20.18 


Measurement of the electrical conductivity of a solution of the compound was carried oan to determine the 

coordination formula, The molar conductivity at a dilution of 1 mole per 1000 Liters was pity ® 580.5 ohm tem’, 

_which corresponds to an electrolyte yielding five fons, The composition of this compound can be expressed by the 
formula 410, 


; 
t 


Four of the water molecules, which can be removed at a temperature of 110°, constitute water of crystalliza 
tion, Ore molecule of H,O fs bound more tighdy, and we consider it to be coordination bonded and ic ft in 
the Inner sphere of the complex, 


When a solution of the complex salt is treated with a solid base, a complex compound containing less sul fur 
precipirates, 

Nitric acid, 10% hydrogen peroxide, and other oxidizing agents deccumpose the complex with simultancous 
oxidation of the sulfur, 


Cations of heavy and cyanophilfc metals react with this arene agen, complex cyanide of trivalent co- 
balt to _ colored precipitates of difflcultly soluble compounds Mn**, Zn**, and Cd** give white precipitates; 
Fe™*, Cu** and Ni* give light-green Co a lightorange precipitate; Ag* gives a beige precip=- 
ftate; and Fe** gives a green precipitate, Hg and Pb** form yellow precipitates, which indicates the absence 
of free sulfur fons and confirms the high stability of the complex, The reaction by which the potassfum disulfo- 
ticyanoaquocobaltate was prepared confirms that It {s possible to replace water molecules and hydroxyl and cyano 
groups by sulfur ions not only in the case of molybdenum, but also in the case of cobalt, 


It may be assumed that such a reaction {s also possible in the case of other cyano complexes of metala, 
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The literature contains no reference at all on the reaction of fluorophenols with olefins, During the course 
of investigations in the general field of alkylation of halophenols with olefins in the presence of catalyst based 
on boron tifluoride [1-6], we studied the reaction of 4-fluorophenol with propylene and cyclohexene in the presence 
of BF,* H;PO, and BF,-O(C;H),, and the present communication reports the results of this study, 


In contrast to the previously studied chloro and bromophenols, 4~fluorophenol is highly reactive, and, when 
reacted with olefins, particularly propylene, it forms a rather complex mixture of products, In this case, along 
with fsopropyl 4-fluorophenyl ether, isopropyl isopropylMuorophenyl ether is always formed, and isopropyl fluoro» 
phenol fs 2lso formed under certain conditions, The yield of products depends on the nature and amount of the 
catalyst, the temperature, and the mole ratio of the reactants, Thus, at 60° in the presence of BFg* Q(C,H,)g, the 
milder catalyst, only the ether products are obtained, and phenol products are absent, at least in perceptible 
amouns, In the presence of BF,+ HsPO,, the yield of phenol compounds is higher the higher the temperature with 
in the range of from 40-70°, 


The best conditions, under which isopropyl 4-fluorophenyl ether is obtained in 54% yield, are a mole ratio 
of fluorophenol to propylene to BF;* H,PO, of 3:1:0.4 and a temperature of 40°; for the preparation of isopropyl 
4-flvorophényl ether in 36% yleld, the conditions are a mole ratio of reactants and catalyst of 5:1:0,3 andatem= ~ 
perature of 60°; while for the preparation of {sopropyl-4-fluorophenol with a maximum yield of 38%, the ratio of 
reactants and catalyst is 3:1:0,.2 and the temperature is 70°, 


The effect of temperature, amount of catalyst, and mole ratio of reactants on the over-all yield of the pro- 
ducts indicated above is apparent from the experimental data presented in Table 1, 


The 4-fluorophenol reacts with cyclohexene in the presence of BF,* H,PO, to yield a singe ~~ cyo 
clohexy] 4-fluorophenyl ether — with a maximum yleld of 70.7% of theoretical, Even after the initial distMllatica 
of the alkylate, the product boiled within a range of 2-3°, as may be seen from the data of Table 2, The ether 
compounds were identified by cleavage to the corresponding phenols and conversion of the latter to the phenoxye 
acetic acids, : 


“EXPERIMENTAL 


The 4-fluorophenol was prepared by demethylation of 4-fluoroantsole [7} mp. 46°, The propylene, cycloe 
tie and catalysts were prepared as described previously [8}, 
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TABLE 2 
Alkylation of 4-Fluorophenol with Cyclohexene in the Presence of BFg* H,PO, 


Mole rauio Cyclohexy) 4-fluoropheny! ether 
Expt. to | Reaction | Reaction 


No. temp. “C | time,min 
o % of theor 


Boiling range 


TABLE $ 


B.p., 
*C/mm found 


Compound 


- 


4-fluorophenyl 


49/4 41,0340 | 41,4745 | 41,90 
opro ropyl-4-phenyl 

eter —77,5—78/5 | 1,0284 | 41,4906 | 55,18 
fluorophenol 


2- lsopropyl -4-fluorophenoxy- 81—82/6 | 1,0942 | 1,5047 | 41,69 
acetic acid. M.p, 124° 


Cyclohexyl 4-fluorophenyl 
ether 95—96/3 | 1,0767 | 41,5070 } 53,70 | 53,36 


Alkylation of 4-Fluorophenol with Propylene, The reaction was carried out in the usual manner [6] in 2 three- 
neck flask, In the experiments with boron trifluoride etherate, the fMluorophenol and catalyst were charged to the 
flask, the mixture was heated to 60°, and with vigorous stirring, the propylene was introduced at a rate of 1,2+2 
liters/ hour, As the propylene was introduced, the reaction mixture acquired a brown color, which toward the end 
became dark brown, After the calculated amount of propylene had been added, the mixture was stirred for an ad 
ditional two hours at the temperature of the expcriment and then was allowed to stand for 12 hours at room teme 
perature, The mixture, which was a rather viscous of], was then mixed with benzene and treated repeatedly with 
small portions of a 10% aqueous solution of NaOH until the phenol products had been completely extracted (by test 
with a drop of hydrochloric acid), The ether products, which were a transparent, almost cclorless ofl, were washed 
well with water, dried with calcium chloride, and distilled into fractions having bolling ranges of from 2-10°, The 
phenol products, which were dissolved in the alkaline solution, were treated with concentrated HCl, extracted with 
ether, dried with sodium sulfate, and distilled into fractions with boiling ranges of 3-6°, For purposes of identifica 
tion, the fractions were redistilled into narrower fractions, The isopropyl 2-isopropyl-4-flvorophenyl ether was cone 


verted by heating with HBr to 2-isopropyl-4-fluorophenol, and 2=isopropyl-4-fluorophenoxyacetic acid was obtained 
from the latter by reaction with chloroacetic acid, 


Alkylation of 4-Fluorophenol with Cyclohexene, The reaction was carried out in a three-neck flask,with 
vigorous stirring, To a mixture of 4-fluorophenol and BF,* HsPO,, preheated to the predetermined temperature, there was 
slowly added from a dropping funnel 0.1 mole of cyclohexene, The reaction mixture, a brown liquid, was treated 
as in the case of propylene alkylation, In this case, the only reaction product was cyclohexyl 4-fluorophenyl ether, 
which, even after the initial distillation of the alkylate, was obtained in a fairly pure form, A second distillation 


yiclded @ colorless ofl with an agreeable ethereal odor, The physicocheinical constants of the products are inane 
in Table 8, 
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2:4:0,2 40 40 63,5 8890/2 | 41,5065 
| 2 3:1:0.4 40 40 63.7 9—94/3 | 1.5085 
3 3:4:0,2 40 50 70.7 | 1.5068 
4 3:1:0,2 60 60 64.2 88—92/2 | 1.5066 
5 3:1:0,3 “0 60 59:3 82—85/1 | 1.5006 
MRD 
41,59 
| 55,46 
| 
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A sigma phase, as is well known, is a metallic compound with the structure of B-U ard has a tetragonal lat- 
tice with 30 atoms in the unit cell, A sigma phase is encountered in alloys of the metals of subgroups V A end 
V1 A of the periodic system of D, 1, Mendelzev with the wansition metals of grcups VIL A and Vill, A high hard- 
ness — of the order of 1260-1500 kg/mm? Vickers — is characteristic of the sigma phase, _ 


bean e 

oh 


Microstructure of the alloy containing 90wt % (71.4 atom %) the- - 

nium, 500 x. a) Cas: (a +0); b) anncaled at 1500° for Shours, -— 

a¢(a¢ 8). 

According to the literature and to our experimental data, rhenium (which is a metal of subgroup VII A) forms 

a sigma phase with the transition metals of subgroup IV A (zirconium), subgroup V A (niobium and tantalum) svbe 
group V1 A (chromium, molybdenum, and tungsten), subgroup VII A (manganese) and group VIII (iron), and the 
dimensional factor varies from + 16.6% (Zr) to-8% (Fe). An electron concentration of the order of 6,6 to 7.8 
clecuons/ atom {s characteristic of the sigma phase in systems containing rhenium [1-9] On the basis of theses 
data, particularly the data regarding Nb and Ta, it may be assumed that shenium should also form a sigma phase 
with the elements of subgroup V A (vanadium); however, in our previous work on the system shenium= vanadium 
[1}, no intermediate phases were found, 


As a result of our work investigating the equilibrium diagram of the system vanadium — rhenium [10}, it has 
been established that a sigma phase exists in the system over a narrow interval of homogeneity at a rhenium cone 
tent of about 75 atom %(WRes), This phase is formed by a peritectic reaction at 2490° between the melt and a 
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solid solution of vanadium in rhenium, The microhardness of the sigma phase is ee 2000 kg/ mm® as measured 
with a PMT-3 apparatus ata load of 100 g. 


In order to establish the temperature interval over which the sigma phase exists, a series of high-temperature 
annealings of cast alloys was carried out (1750° for 7 hours; 1500° for 5 hours; 1000° for 450 hours), The x-ray ine 
vestigation was carried out using an RKD-type camera and CrKq radiation, The data from the x-ray and micro- 
structural investigations established the presence of a eutectoid decomposition of the sigma phase at 1500° with 
the formation of a mixture of two solid solution: a vanadium-rich (a) and a rhenium-rich (8) solution (Fig. 18 
and b). 


The x-ray pattern of the cast alloy showed a system of lines characteristic of a sigma phase(see table); cal 
culation of the lamice parameters gave a = 9.36 A, c = 4.86, A, and c/2 = 052, 


The table presents comparative data calculated from x-ray patterns of sigma phases in systems formed by 
rhenium with zirconium [4}, vanadium and niobium [5], tantalum and chromium [6}, molybdenum [7, 8}, tunge 
sten [9}, and manganese and iron [8} the patterns were obtained with C:K, radiation, 


In comparing these data, one's attention is attracted by a certain difference in the phase in the Zs—Re sys~ 
tem, which we assigned to the type of phase .elated to sigma phases: This phase differs from the remaining sigma 
phases. It is probable that this difference is due to the fact that the formation of a sigma phase fs not a characters 
istic of the metals of subgroup IV A, and the appearance of a sigma phase in the rhenium—zirconium system can 
be considered an exception, 


Moreover, it is interesting that 2 sigma phase is formed in the rhenium—manganese+{ron system, on latter 
two elements belonging to groups vu A and VI — indicates an anomalous behavior of rhenium as compared 
to the metals of other groups, 


Zr — Re V—Re Nb— Re Ta — Re 
o oe ae o 
112 2,540 | 2,309] 0,541 | 2,206 | 0,4886 
330 Jav. 4658] 2,257 | 0.5180] 2,253 | 0,554 | 2,247 | 0,5046 
U,4775] 2,204 | 0.5299] 2,193 | 0,563 2,202 0,5103 
212 0,4909| 2,163 | 0.5439] 2,137 — | 0,5294 
0.5109] 2,062 | 0.5548} 2,003 | 0,590 | 2,098 | 0,5377 
331 lav, 0.5215] 2,024 | 0.5678] 2,038) — — | 0,5655 
a,A 10,12 9,36 8,75 9,67 i 
aA 5,42 4,85 4,06 4,97 
lela 0,535 0,52 0,52 - 
, | Cr— Re Mo — Re W—Re Mn — Re Fe— ke 
< < < 
x c = x c x 
112 L  fo,sizo 208 2,300 lo, 5234 2,314 
30 0,5245 10,542 | 250 0,5312 2.248 2,245 
202 jv.w. 1052418, 189 '0,5416 2,205 .0,5505 2,197 
212 hw’. 10,5520 10,535 1443 (0,5563 2,143 0,566 2,146 
Bs 05475 ,5757) 2,104 
331 fav. 073500 | 1,048 10,5858) 2,039 [C,5919} 2,043 
9,54 9, 9,14 9,02 
4,6 4, 4,75 4,69 
0,52 0, 0,52 0,520 
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In connection with our investigation of the alkylation of tetralin, it became necessary to synthesize certsin 
6-alkyltetralins for use as standards in the analysis of catalyzates by infrared spectroscopy. 


Preparation of 6-alkyltetralins in the pure form by interaction of tetralin with alkyl bromides in the presence 
of AICI, appeared to be practically impossible, since in this reaction, along with the 6 -{somer, there fs obtained 
up to 30% yield of the a-isomer [1], which is exuemely difficult to scparate. It is known from the work of Schroeter 
[2} and Levy [3] that hydrogenation of 2-alkylnaphthalenes in the presence of a nickel catalyst yields chiefly 6- 
alkyltetralins, However, the more recent work of Bailey and co-workers [4] has shown that hydrogenation of 2-alkyle 
naphthalenes yields a mixture of 2-alkyl- and 6-alkyltetralins in a ratio of 1:2 


Therefore, it was decided to carry out the synzhesis of 6-alkyltetralins according to the follewing schemes; 


n-alkyltetralines 
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TABLE 2 
Properties of 1,2,3,4-Tewahydro-6-naphthyl Alkyl Ketones 


found calc. 


Ketone B.p., *c/ mm 


201/35 83,28 | 83,01 


BB 


167—168/2 }0, 908611, 5358 


183—185/4 |0,9844)1,5319 


191—192/4  |0,9789]1,5282 


@ 


COGH 199—200,5/3 |0,9655)/1,5218 


TABLE 2 
Properties of the 6-Alkyltetralins 


ee 88 88 88 
sh 23 8 


Alkyltetralin B.p...C/mm 


124—125,5/3 |1,5184|0,9236 
$62—$63/4 |4,5428'0,9142 


185,5—186,5/4 |1,5060.0,9045 


CH—GHe |4,507910,9077 14,74 


GHa 145—145,5/4 11,71 


Alkylation of tetralin was carried out by the method of Friedel and Crafts in nitrobenzene medium, since 
there are indications in the Hterature that alkylation of tetralin in carbon disulfide medium yields 2h of the am 
fsomer [1], while in nitrobenzene, substitution occurs only in the B~position [5} 


By the interaction of tetralin with the chlorides of the appropriate acids in nitrobenzene medium at 0° in the 
presence of AICI,, we were able to obtain 1,2,3,4-tetrahydro-6-naphthy} butyl, n-amyl, n-heptyl, and n-noayl 
ketones, che properties of which are presented in Table 1, 


The tertiary alcohols were synthesized vie the Grignard route, 8-(1,2,3,4,-Tetrahydro~6-naphthyl)<@-nonanol, 
b.p. 180.5-182,5° (3 mm), n™ p 1.5219 and d™, 0.9728 was obtained by reaction of CH,Mgl with 1,2,3A4-tetrae 
hydro-G-naphthy! heptyl ketons, 


Found C 82,84; 82,88; H 10,71; 10.71 Calculated C 83,14; 111.03 


| H. % Yield, 
found | caic. % 
9,32 | 9,24] 60,6 
9,28 
\/N4 
83,42 9,61 | 9,77] 66,0 
9,91 
83,55 9,90 | 9,82) 61,6 
9,97 
83,66 10,14 | 10,48 81,6 
40, 
83,86 40,56 | 10,70! 60,7 | ; 
10, 
2] sla 
65,67 | 66, 98} 10,87 
88,7 10,97 
74,91] 39114, 75 
87,94 11,89 
88,76 | 89,21|88, 15/88,36:19,85 11,47 . 
88, i, 
11,74 
44,54 


mo? 


Fig. 2 
b.p. 162-163" p 1.5268 and 0.9764, was obtained 
by the action of n-C,H,MgBr on 1,2,3,4~tetrahydro-6-naphthyl amyl ketone, — 
Found %& C 83.25; 83.05; H 10.50; 10.29 Cy,H,O. Calculated %& 83.14; H 11.02 
The infrared specua of these alcohols are shown In Figs, 1 and 2,° | 


; The tertiary alcohols were reduced in an autoclave in the presence of copper chromite [6] at 120 atm and 
240°, Since partial dehydration of the alcohols could have occurred under these conditions, the hydrogenation 
products were subjected to an additional hydrogenation in the presence of Raney nickel at 50° and 70 atm hydrogen 
pressure, The properties of the resulting and are 

in Table 2, 


The 6-n-amylteualin, 6-n-hepryltetralin, and 6-n-decyltetalin were prepared by satenton of the corres= 
ponding ketones by a incdification of the Wolff-Xishner method [7} decomposition of the a tes 
in diethylene glycol medium, 


The properties of all hydrocarbons synthesized are shown in Table 2, This is the first preparation of 6-{le 
methyloctyl)teualin, 6-(1-n-propylhexyl)teralin, and 6-(1,2, 
3,4-teuahydro-6-naphthyl)-6-n-nonanol, The constants of the normal sae eerie are in — agreement with 
the values reported in the literature B 9} 
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The problem of the structure of oxygen compounds of boron has recently attracted the attention of inves= 
tigators, A large amount of work has been devoted to the study of the structure of boron oxide in the glass and 
crystalline states (see, for example, monograph [1]. However, up to the present time, there have been published 
no experimental data on the configuration and geometric parameters of B,O, molecules in the gas phase, Ace 
quisition of such data is of great interest for the establishment of regularities in the structures of molecules of the 
type XY and §s also required for calculation of the thermodynamic functions and the equilibrium constants of 
certain gas-phase reactions by statistical thermodynamics, ; 


The purpose of the present investigation was the determination, by electron diffraction methods, of the geo~ 

metric structure of the B,O, molecule in the vapor phase, The work was carried out using the electron diffracdoa 

- apparatus at the Moscow State University, This apparatus, which 1s used for the investigation of molecules of dif- 
ficuldy vaporized compounds, includes a high-temperature vaporizer (which heats the tubes containing the samples 
by electron bombardment) and a rotating sector [2], The preparation of boric oxide used in the present investiga-" 
tion was obtained by prolonged dehydration of boric acid (*CP® grade), Prior to taking an electroa diffraction pat 
tern, the boric oxide was charged to a tube which was then placed in the vaporizer, and the boric oxide was re= 
fused and degassed for a prolonged period under high vacuum (directly In the diffraction apparatus), Vaporization 
of the boric oxide was carried out at temperatures of the crder of 1500-1800°, using molybdenum tubes and tunge 
sten tubes with molybdenum caps; the two types of tubes gave the same results, The patterns were taken ondiae 
positive fom Pore with black India ink (for protection from radiation from the vaporizer) using one~ and 
two-lobe s*= and s*-sectors; different electron-accelerating were = 0. and the exe 
posures were varied from a few seconds to 1-2 minutea, 


Seven series of diffraction patterns (three exposures in each series) sattable for photometric measurements 
were obtained from the BO, vapor; of these, certain series were measured visually, while the remainder were 
measured photometrically, Interpretation of the electron diffraction patterns was carled out by two methods — by 
the radial distribution method of J, Karle and L, Karle (3-5) and by successive approximations (8) using the photo= 
meuic data, The methods of weatment and interpretation of elecuron diffraction patterns have been described ia 
Getafl in previous communications from our laboratory [2, 7], It may be remarked that during the courts of ths 

Anvestigetion, numerous experimental difficuldes had to be overcome, and the week was cartled out over the 


‘© Tantalum tubes could not ‘wed owing to considerable corrosion the cond ot 
our experiments, 
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The radial distribution curve[the Dir) curve] constructed 
from the experimental data is shown In Fig. 1. The initial portioa 
of the intensity curve (s = 0-4 AW), which was not available by 
experimental determination, was extrapolated from the theoretical 
1 (8) curve for the group of stoms O-B =O with the values: 

? $ —-Q=1.36 A, (B=0)1.20 A, and XO... O) 2.56 A, since these 
r o atoms make the major contribution to the molar dispersion of B,O, 
(see below). As may be seen from Fig. 1, the Dir) curve has only 
phe Po bm gunn two sharply expressed peaks; these occur at 1.28 and 2,56 A. 


Interpretation of the electron diffraction patterns and of the 
1X1) curve is impossible without information on the composition of boric oxide vapor, since B,O;, B,O,, and BO, 
molecules can give 2 similar scattering picture (see the more detailed discussion in reference [8]. Reference (9) 
refers to an unpudlished mass specuroscopic invesuigation by Bredt, who found that the chief component of boric 
oxide vapor at 120° is the monomer B,O3. In order to confirm these data, we carried out a mass spectroscopic 
study of the composition of the vaporization products of boric oxide [10} the results confirmed the data of Bredt 
and proved to be clete to the measurement of Inghram, Porter, and Chupka, published shortly thereafter 11}, On 
the basis of the mass specuoscopiec investigations of the composition of the vapor [10, 11] and on the basis of the 
determination of the molecular weight of the vapor (12), which indicated the presence of the B,O, molecule fa 
boric oxide vapors, it was possible to interrupt our electron diffraction data. We note that the elecuon diffracdoa 
patterns of boric oxide and boron sulfide [13] show thax there is a great similarity in the intensity distrfbution of 
the scattered electrocs in the two cases; this suggests that the scuctures of the mclecules of these two compounds 
are quite simflar, 


We tested the following molecular models for BOg 


From a cocsideration of the Dxr) curve, one can conclude that the bipyramid model (1) of B,O, is unsuitable, 

As in the case of boron sulfide [13}, the Dr) curve has two sharply defined peaks, and the value of rz, 2.56 A, for 
the second peak is twice the value of r,,1.28 A, for the first peak; it 1s evident that 2 bipyrami{d cannot be con= 
structed with these parameters, Similar considerations force rejection of models (I)-(IV), These conclusions are 
confirmed by the successive approximation calculations, In Fig. 2 are presented the theoretical curve for the bi- 
pytamid structure of BO, with r(B—-O) = 1.35 A, < OBO = 84° and < BOB = 78, and also the theoretical curves 
2-4 corresponding to models (Il)-(IV), which, s.s"luin the region of diffraction angles under consideration, have no 
similarity to the experimental curve, © 


Let us consider the question of the correspondence of the Dir) curves and model (V). The first peak at —_ 
can be interpreted a3 a composite of two close-lying peaks which correspond to the interatomic distances 
—O(1) and Bey) = Ogy,"ané which are not resolved on the D(r) curve; the second peak at 2.56 A relates the intere 
atomic distance Since the interatomic distance tz is twice as great as1,, it inevitably follows that 
the atomic group O— B= O Is Linear, The ratio of the areas of the two peaks on the i) curve, 2.7, is close w the 
theoretical value for model (V), 2.5, whils iz differs sharply for the remalnirg models, 


In interpreting the radial distribution curve there arises the question of why the Djr) curve has no peaks core 
responding to greater interatomic distances, From an analysis of the theoretical 1(s) curve for model (V) it was 
found that the basic motif of the electron diffraction patterns — alternation of four intense maximums and a step= 
wise intensity (low-intensity maximums) oa the outside of these maximums (see the experimental curve of Fig. 2)— 


* In this BO, model the number of interatomic bonds of each of these types is the same; therefore, the value ty fa 
equal to half the sum of the distances and = Org 
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is determined by U:e sum of three harmonics corresponding to the interatomic 
tudes of the three fundamental harmonics, which correspond to the Interatomie 
distances Bay Braye B coe and are small as com- 
pared to the amplitudes of the three first harmonics, This indicates that the 
amplitudes of the thermal vibrations of these pairs of atoms which are not 
bonded to each other are quite small, This is a natural conclusion, since a 

B,0, model of the type of (V) would lead one to expect large deformation 
vibrations of the valence angle of the central oxygen atom at the high tem 
peratures of our experiments, which should lead to a smoothing out of the 

peaks on the Xr) curve in the region ofr>3 A. It Ms interesting to note that 

the Dr) curve of boron sulfide [13] has peaks corresponding to unbonded pais 

of atoms; this can be explained by the high nuclear charge of the sulfur atomy __ 
and to the lower temperatures used in Investigating the BS molecule, owing ~ 
to which the conditions for diffraction by unbonded pairs of atoms are more 
favorable than in the case of the BO, molecule, 


Let us turn now to the successive approximation method, Theoretical 
curve 5 for model (V), which has the parameters 1(Re2y — Ou 1.36 A, 1(Bcsy* 
= O(4))= 1.20 A and — BOB = 95°, agrees satisfactorily with the experimental 
curve (see Fig. 2), with the exception that on the outside of the second maxe 
imum there are two intensity stcps instead of one, Complete agreement of 
the theoretical and experimental curves is obtained when the large amplitudes 
of the vibrations of the unbonded pairs of atoms indicated above are taken 
into consideration; the corresponding curve 6 {s shown in Fig. 2, Thus, the 
data obtained by successive approximztion are in on agreement with the data obtained by the radial dis- 
tribution method, 


Since the BOB angle is determined by interatomic distances for which there are no clear peaks on the radial 
distribution curve, it is difficult to solve the problem of the precise value of this angle, The following method was 
used to determine this angle, Using the successive approximation method with different values of this parameter, 
a theoretical intensity curve was constructed (without taking into account the vibrational factors), and the valve 
of the angle BOB giving the best agreement of the Is) curve with the experimental curve was determined, Inas- 
much as the zmplitudes of the thermal vibrations of the atoms were not taken into account, it {s, of course, {m= 
possible to expect complete agreement of these curves: However, the agreement obtained was acceptable, and 
when the vibrational factors are taken into account in furure calculations, it will be easier to obtain agreement 
of the theoretical and experimental curves, In this manner it was found that the angle BOB is approximately 95°, 
and we take this value as the most probable value without analyzing the possible error, 


Fig. 2, Theoretical intens- 
ity curve for the different 
models of boric oxide and 
the experimental curve, 


Thus, a planar B,O, model with a linear arrangement of the O-B=O bonds and the following parametezs: 


1) r(B — O) = 1,36 40,02 A; 
2) = O) = 1 120 40,08 As 
3) ZBOB = 95°. 


agrees with our elecuon diffraction data, 


It may be remarked that a B,O, model of the type of (V) fs in good agreement with the Lrezature values for 
the boron oxygen bond lengths, Within the limits of experimental extor, the distance (B—O) = 1.36 A agrecs with 
the B—O bond length in boric acid esters, as determined by electron diffraction, and with the B—O bond length is 
boric acid, H,BO,, and its salts, as determined from x-ray data [14}, The distance r(B ©) = 1.20 A agrees with 
the bond length in the BO molecule as determined from specuoscopic data [14], The oxygen valence angle of 
95° agrees with the experimental and theoretical values of the magnitude of this angle in compounds of similar 
type. The results of our investigation are in agreement with those obtained in an investlyation of boric a 
by infrared spectroscopy [15], which indicate a completely planar structure for the B,0, molecule, 


Our earlier investigation of the geometry of the BS; molecule [1, 3), which {s a structural analog of 
the B,O, molccule, confirms the seein and the results of this investigation of the boric oxide molecule ty 
electron diffraction, 
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Cyclic organosilicon compounds are converted by the action of acid or basic catalysts to polymers n~4}. 
Thus, the action of sulfuric acid on octamethylcyclotetrasiloxane yields a polydimethylsiloxane elastomez = OD 
Octamethylcyclotetrasfloxane undergoes a similar conversion in the presence of bases, 


In a study of the reaction of alkylcyclosfloxanes with titanium tetrachloride, we have fourd that ovmeniig 
tetracyclosfloxane and hexaethylticyclosiloxane react with titanium tetrachloride at a temperature above 140°, 
the rings opening during the course of the reaction, The reaction proceeds according to the following scheme: 


[RsSiO}, + TiCl, Cl [RsSiO}, TiClp. 
e 
In our investigation of the behavior of octamethyltetracyclosfloxane ((CH,),SiO}, and hexaethyluicyclo- 
siloxane [(C,H,);S10}, in this reaction, we obtained the following compounds; 


These new titanium-containing organosilicon compounds are pale-yellow Mquids which are highly sensitive 
to atmospheric moisture, They darkened sotnewhat under the action of light during prolonged storage in glass 
vessels, 


The reaction by which the compounds indicated above are formed takes place in the absence of catalysts; 
therefore, the reaction products are casily separated in a high degree of purity, 


The mechanism of the reaction may be assumed to involve first the coordination of the oxygen atom of the 


} siloxane bond with the titanium atom in titanium tetrachloride, which results in the formation of an unstable come 


plex with a weakened silicon ~oxygen bond, This results in cleavage of the ring, and one chlorine atom adds to the 
silicon at one end of the organosiloxane chain while the trichlorotitanium group adds to the other end of the chain, 


_ ‘This process can be represented as follows (using as an example the interaction of dtenium tewachloride wha octae 
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This reaction may be used as a convenient method for the introduction of titanium into an organosiloxane 
molecule with a Linear chain, 


EXPERIMENTAL 


The Sittowing compounds were used In the work: "Pure® grade, technical specifications 2553-51 titanium 
tetrachloride; octamethyltetracyclos{loxane with a b.p, of 22-34°/ 2 mm Hg and a molecular weight of 296.6; 
hexaethyltricyclosiloxane with a b.p, of 72-14°/ 2 mm Hg and a molecular weight of 312.1, 


Reaction of Titanium Tetrachtoride with Octamethyltetracyclosfloxane, The reaction flask, which was fit- 
ted with a stirrer, a reflux condenser, and a thermometer, was carefully cried and sealed from atmospheric molsture, 
and 80 g (0.27 mole) of octamethyltetracyclosiloxane and 52 g (0.273 mole) of titanium tetrachloride were charged 
to the flask, The reaction mixture was stirred and heated to 170°, and held at this temperature for 6 houn, after 
which it was ccoled, The reaction product was distilled under vacuum from a flask fitted with a Vigreaux columa, 
and 27 g of a product having the formula Cl{(CH,);S10}, TiCl, was obtained; the product boiled at 97-98°/ 2 mm, 


Found % 19.91; 20.19; H 5.41; 5.23; Ti 10.70; 10.85; Sf 22.55; 22.54; Cl 28.08; 28,39 Sl 
Calculated % C 19,75; H 4.98; Ti 9.85; Si 23,09; Cl 29.15 


Reaction of Titanium Tetrachloride with Hexaethyltricyclosfloxene, The reaction was camied out in a mane 
ner analogous to that described above,using 42,25 g (0.139 mole) of hexaethylrricyclosfloxane and 26.3 g (0,138 
mole) of titznium tetrachloride, Vacuum distillation of the reaction product gave 16,5 g of a substance having the 
formula Cl ((C3H;)},SiO}, TiCi,, and which bofled at 141-143°/ 2 mm, 


Found 4 C 30.32; 30.50; H 6.49; 6.48; T1 10.3 (from total ash) $116.05; 16,06; Cl 29,33; 29.12 
CyHySiO,TiICk. Calculated % C 29,03; H 6.12; Ti 9.65; Si 16.97; C1.28.57 
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It can now be considered established that heat- and Ight-induced oxidative degradation of halogen-contain= 
ing cazbon-chain polymers proceeds by a radical chain mechanism [1}, This process ts apparently initiated by 
radical produce of the degradation of macromolecules, particularly, alkoxy and hydroxyl radicals, which arise 
during the decomposition of polymeric hydroperoxides (2, 3}, Chain propagation occurs as a consequence of the 
splitting off of hydrogen and halogen atoms, which results in delydrochlorination, the accumulation of double bonds, 
and the decomposition of the macromolecule [1-3], In spite of the fact that at the present time there fs no un- 
equivocal proof of the mechanism ef the initiation, propagation, and termination of chains during heate of light 
{induced oxidative degradation of polyvinyl chloride (PVC), it may nevertheless be asserted that the most effective 
inhibition of this process can be obtained only through the use of substances which are free radical acceptors, 
Naturally, radical acceptors are effective stabilizers for polymers only provided that when heated or irradiated ia 
the presence of air they do not form hydroperoxides, which can initiate degradation processes, 


In this connection, it would be interesting to investige 


mg/g ate the effect on the heat-induced oxidative degradation of 
od polyvinyl chloride of certain types of recently synthesized 
t H polyphenylvinylenes (PPV) [4] and of products containing 
‘ conjugated double bonds and obtained from the degradation 
é ‘ of certain high polymers, particularly polyvinyl chloride, 
‘ Se 5 The low activity of such quasiradicals is due to thedr 
: ab{lity to react only at comparatively high temperatures 
é (= 160-200°) An investigation of the electron paramage 
netic resonance spectra of PPV and dehydrochlorinated PVC 


showed that.in the ground state they contain a lerge number 


Fig. 1, Rate of dehydrochlorination of PVC 
at 175° in stream of alr: 1) without stable 
izer; 2) with 1% lead silicate; 3) with 1% 
dibutyltin maleate; 4) with 1% diphenylole 
propane; &) with 1% PVC, 


of unpaired electrons (10 — 10" paramagnetic particles per 
gram); these are delocalized along the conjugated chain (6), 
This circumstance suggests that such materials might be 
highly effective inhibitors of heat-induced oxidative degradae 
tion of halogen-containing polymers, Experimental data 
from the present investigation are presented in Teblo 1, and 
these data confirm that such materials aro inhibitors, 
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TABLE 1 


Stabilizer of 


|No. of para- i Vv, mg 
bs ination |gunvgr HCI/g 
substance — particles ot PVC, pvc 


erg VC minutes 


PVC without — 138 7 3,94 
stabilizer 


Polyphenylvinyl- | 2,41-{0** 
ene (D 


w 


2,16 


ooo cow 


Phenylacetylene— 
paradie 
zene Copolymer 
ay 


PVC-deh 
product (III) 


Sas LRRABLA 


Note, The average integral rate of dehydrochlorinatlon of PVC in the presence (V) and 
absence (V,) of a stab{lizer was determined at 175° in a stream of afr; the duration of an 
experiment was 180 micutes, The ratio(V/ V,}100 characterizes the change in — 
chlorination rate due to the presence sal the stabilizer, 


TABLE 2 


Temp, at | Duration of 


Amount of | which de- 


stabilizer, hydrochlore}itial PVC 

denydros 
asd |chlorinadion 

minutes 


PVC without 
stabilizer 


Folypheaylvinyt- 


4 


S8Saaam SSw 


seseeax 


oocoooco 


The PPV obtained by thermal polymerization of phenylacetylene at 150° (I) {s an effective inhibitor of 
heat-induced degradation of PVC; the infusible and insoluble copolymer of phenylacetylene and paradiethylbea= 
zene (I) prepared at 300° is leas effective as an inhibitor, as is the product of the exhaustive iacasiciones: 
of PVC under vacuum at $00° (I, 


Figure 1 presents kinetic curves for the elimination of hydrogen chloride from PVC at 175° in the presence 
of various stabilizers; these curves show that product(D possesses highly effective stabilizing ection, 


Ir thould be noted that when large emouns of the insoluble products were used, thelr etabilizing effectwas dee 
creased, In the case of the insoluble end infusible polymers with conjugeted double bonds, contsct of the radicals 


v 
4100 
158 
5, 
10, 
i, 153 ; 
10, 
2, 10-4087 4160 | 
Stabilizer Vv, m +100, % 
| 
PVC 
PVC-dehydrochlare 
(i) 
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formed during the degradation of polyvinyl chloride with the 
active centess of the polymeric stabilizers was apparently dif- 
ficult. 


Table 2 presents data on the inhibiting effect of polye 
vinylenes I and LI on the decomposition of PVC at different 
temperatures, 


The data of Table 2 show that the effectiveness of polye 
vinylenes decreases at elevated temperatures, Product (Dine 
hibited the thermal decomposition of PVC at 185° and did 
not accelerate it at 195°, In contrast to(]) product{il) accelere 
ated the degradation of PVC at 195°, This specific effect of 
product(II), which was prepared by dehydrochlorination of 

PPV/ pvc-—— PVC, is apparently associated with the formation of active 
radicals during thermal cracking of the polymer, Such radicals 
Fig. 2, Rate of dehydrochlorination of PVC can stick to the network of the dehydrochlorinated polymer 
at 175° in a streain of air {n the presence of; and interact with oxygen with the formation of radicals which 
1) PPV prior tothermal treatment; 2) PPV initiate degradation of PVC at elevated temperatures, 


after standing for 6 hours at 300%; 3) PPV 
after standing for 6 hours at 400°, In this connection, it was of interest to determine the 


effect of thermal treaunent of PPV (J) on its stabilizing ef 
fect, The experimental data show that when PPV 4s heated to 300 and 400°, there {fs an Increase in the degree of 
conjugation, as indicated by a deepening of the color of the polymer from yellow to brown and black; at the same 
time, there is an increase in the concentration of unpaired delocalized electrons from 2,4°10" to 4,2 > 10° and 
3.4°10"* paramagnetic particles per gram, respectively [4]. Simultancously, there is partial dchydrogenation of 
the polymer, as indicated by a decrease in hydrogen content from 6 .12 to 5.88 ard 5.16%, and the farmation of 
radical centers ss apparently possible, The data of Fig. 2 confirm the assumption of the possible fromation during 
thermal treatment of polyphenylvinylene of active radicals capable of initiating degradation of PVC, The original 
PPV remains an effective inhibiior over the concentration range of from 0.1 to 10% (by weight of PVC); {t inide 
ates degradation at concentrations of 8% and higher after treatment at 300°, and after it has been treated at 400°, 
initiation of — begins at a concentration of 6%. 
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The heat content and heat capacity of beryllium oxide have been measured by Magnus and Danz [1] over 
the temperature interval of 373-1175°K, (The results of Magnus and Danz were used in the tables of Kelly [(2}, 
who evaluated thelr accuracy at $4). The present article presens the resuls of an experimental determination 
of the heat content and heat capacity of solidberyllium oxide over the temperature interval of 1200-2820°K, Le., 
up to the melting point, These measurements were carried out using the method of mixtures in a block calorime 
eter with an fsothermal jacket, The samples were heated in a high-temperature vacuum furnace; the temperature 
of the sample was measured by means of a Model EOP-51M optical pyrometer with an accuracy of from 0,05-0.2%, 


The beryllium oxide samples were pressed from a crystalline powder, The samples were pressed into the 
form of the containers, which had the shape of a truncated cone, A small amount of glucose (up to 0.1%) was ade 
ded to bond the containers to the samples; the glucose burned during the course of the firing, The samples were 
fired at a temperature of 1400°C (preliminary firing) and then at a temperature of 1800°C (final firing). The BeO 
samples contained insignificant amounts (not exceeding a few hundredths of a pescent) of a number of metals (Al, 
Ni, Cu, Zn, Hg, Fe, Ti, and others), After firing, the samples contained 99.9% BeO. The approximate weight of 
the samples was 35 g. Molybdenum and tungsten were selected as the materials {cr construction of the containem, 
According to the data of Jonson [3], the systems BeO— Mo and BeO-W do not react under vacuum at temperatures 
up to 2200-2300°K, We did not observe any interaction at even higher temperatures, 


The determination of the heat content of beryllium oxide over the temperature interval of 1260-2400°K was 
carried out in molybdenum containers prepared from pure metal sheet which had a thickness of 0.2mm, Tantalum 
proved to be unsuitable as a material for the containers (at temperatures above about 2300°K, a BeO sample ina 
tantalum container was covered with # gray deposit, which x-ray analysis showed to contain compounds of beryle 
lium oxide with tantalum), Tungsten containcz were used in the temperature interval of 2400-2820°K, Disade 
vantages of tungsten containers are their brittleness and their significant weight (the high heat content of the cone 
tainer increased the experimental error), The tungsten containers were also used for the determination of the beat 
of transition from the solid to the liquid phase; when so used, they were specially constructed 80 as to provide a come 

‘pletely hermetic seal for the inside of the container, The heat conten: of the molybdenum and tungsten conisiness 
_ were determined by blank runs on the empty containers, 


Table 1 presents the experimental values of the heat content of berytlium oxide; the measurements were 
made in the Kharkov State Institute of Standards and Measuring Instruments (KhGIMIP), The erroz of the heat 


Hy— Expt. 
cal/ mole cal/ mole No, 


17060 


41 
42 
43 
44 
45 
48 
47 
48 
49 
50 
si 
52 
53 
4 
56 


Note, Experiments from Nos, 1-44 were carried out in molybdenum containers; Nos, 45-53 
were carried out in tungsten containers; in experiments Nos, 54-56 the samples were pari 
ally melted, 
content measurements was 0.25% over the interval of 1100-2000°K and 0.5% over the interval above 2000°K, The 


coefficients of the interpolation equation were found by applying the method of least squares to the experimental 
data, The equations for heat content and heat capacity are: 


The root mean square error of the determination of the coefficients of the equations presented above was 
0.4% for experiments with tungsten containers it was 1.1%, 


This is the first time heat content values of BeO have been measured at temperatures as high as those used 
in the present work, For this reason, comparison cf the KhGIMIPP data with those of other authors is possible only 
at temperatures to 1200°K. Heat content values calculated from the above equation, with an accuracy of 1%, 
agree with the resulss of Rodigina and Gomel'skil [4], which were obtained at the Sverdlovsk Eranch of the VNIM 
[All-Union Scientific Research Institute of Metrology], and they also agree with the data published by Kelly. 


During the course of the work on the determination of the heat content, data were obtained on the melting 
point of BeO, According to our measurements, the melting point of beryllium oxide is 2820 ¢ 9°K 


Ya. L Ol'shanskii obtained a value of 2843 2 30°K for the melting point of beryllium oxide [5], and M, P, 
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The alm of the present investigation was the determination of certain thermodynamic properties of dicyclo- 
hexyldodecane, diphenyldo¢ecane, and 1-phenyl-1-cyclohexyleodecane at standard conditions, All three sub 
stances were first purifled chromatographically, * The dicyclohexyldodecane and diphenyldodecane were prepurie 
fied by zone melting (1} Determination of the purlty was carried out in a calorimeter by melting point deprese 
sion using a method analogous to that described in reference [2]. The epparatus and the method aa etemeaieatiag the 
Cp measurements have been described previously 


TABLE 1 


Smoothed Heat Capacity Valves, aero 


Temp.2K | | | Cotte | Cotes | Colle | Cotte 
10 1.561 4,490 1.33 1M*solid 2 - 
2 8.605 7.460 6.12 709 80.048 3,82 24,99 
» 15.244 14,26 13:8 £9.69 93:89 $3.7 
21.079 20.71 20/3 20 $6,318 404,54 103,13 
26.49 25.70 75.% 275 107,837 122.67 116,93 
33/510 39:27 775.84° Solid $73.09 -. 
100 49.466 45,06 49,95 275.84° liquid 443,00 - 
e e u 
175 14.25 75,85 300 142,153 14.4 138,23 


The heat capacity of the empty calorimeter was measured at 47 points over the temperature Interval from 
12-320°K; the heat capaciries of dicyclohexyldodecane, diphenyldodecane, and 1-phenylel-cyclohexyldodecane 
were measured st 69, 90, end 67 points, respectively, 


The experimental valves of the heat capacities were smoothed graphically and then tabulated over uniform 
temperature intervals (Table 1), The deviation of the experimental heat capacities from the smooth curve did noe 
exceed 0.15%, No decline in heat exchange was observed over the entire temperature interval, which indicated 
that there was no torption of the helium present in the calorimeter as a heat exchange gaa, 


The compounds were synthesized in the Insutute of Petrochemical AN SSSR by A, Petrov end co» 
workers 


| 
| ; 
| 


TABLE 2 
Thermodynamic Properties at Standard Conditions 


Compound 


E 


cal/ mole 
mole 


Hm, 
cal/deg- 


Dicyclohexyldodecane 
1951940 | 130.4240, 411058 4 $0] 35,204 0,151300,584 0,02) 134,46 
1-Phenyl-1-cyclohex= 


yld ecane (lig) £80 | 166.33 4.0.6,84606 50] 30,51 146,06 
Diphenyldodecane (liq) 286724 80 | 163,7040,6)0284 + $0] 33,004 141,934) 99.08 


cal 
degree- mole 


Owing to the presence of impurities in the samples, melt- 
° ing began at lower temperatures and was apparent on the heat 
% capacity curves 20 and 30° below the triple point. Therefore, 
in order to obtain the heat capacity of the solid {n this region, 
bs the additional effective heat capacity was calculated from the 

18) 8B smoothed values by means of the following equation 


160. 


T° 
Ac, = Hm 


where Ac; {s the effective increase in heat capacity due to melt= — 
ing of the impurities, T® is the triple point temperature, Tt 

the melting point of the compound, Ty, is the temperature at 
which the additional effective heat capacity was calculated, and 
Hyy is the heat of melting, 


In view of the fact that the heat capacities of dicyclohexyl- 
4 dodecane and 1-phenyl-1-cyclohexyldodecane did not obey Debye 
0 20 220K extrapolation (c = aT’) at 13°K and higher, extrapolation to 0°K 
emma was accomplished graphically, This is quite acceptable, the more 
Fig. 2 so since according to our evaluation, the absolute error In the ene 
tropy at 298,16°K (0.3-0.4 e.u.) due to the impurities in the sample 
was greater than the absolute value of the entropy at 15°K (0.2 e.u.), With these substances the Debye law is epe 
pareatly followed only at lower temperatures, 


The relationship between the temperature and the heat capacity of diphenyldodecane became cubic {n the 
temperature range from 13 to 16°K: Cp = 1.43°10°? T®, The heat capacity curve of this same substance had a peak 
in the temperature Interval from 181-199°K; this was probably due to a phase transition associated with a change 
in the structure of the crystals _ 1). The integral heat of the phase transition was, 

Hz 460.7 #1 

The standard entropy and heat content were obtained by numesical integration of the ¢(T) and a (T) curves, 

Values for these thermodynamic functions are presented for all Uee substances in Table ~ 
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There is at present more than one opinion regarding the question of the significance of the hypochlorous aci- _ 
dium fon in the mechanism of chlorination in aqueous solution, We have earlier considered this problem [1, 2}, 
and we found that the hypochlorous acidium fon, in contrast to the corresponding bromine and fodine cations, 
does not play an appreciable role in aqueous halogenation, We were also led to this same conclusion by the obser= 
vation that the addition of strong acids ( with the exception of hydrochloric) have litile accelerating effect on the 
reaction of hypochlorous acid with organic compounds [3), even though the concentration of the hypochlorous 
acidium fon must increase imei with an increase in hydrogen ion concentration in accordance _ the 
equation 


HOCI + (14,0)* = (CIOH;)* + 
(1) 
The work of Soper and co-workers [4] also gave no indication of the participation of the hypochlorous acidium 
fon in reacuons of hypochlcrous acid, although these authors assumed this to be the case,° 


Several years ago, however, de la Mare, Hughes, Vernon, and Ketley [6, 7] proposed a theory according to 
which the hypechlorous acidium jon is the main active agent in the chlorination of organic compounds with dilute 
hypochlorous acid. The basis for this assertion was the observation that the rate of chlorinatioa of anisole, phenol, 
mesitylene, and methyl meta- and paratoly) ethers is almost independent of the concenmation of the — come 
pound and can be expressed by the equation: ee os 


Hence, there arises an analogy with the nitration reaction, the rate of which is limited, under certain condi= 
tions, by the stage in which the nitronium cation is formed from nitric acid (8, 9} The British authors — 
a similar dissociation of HOCI as a Limiting stage of the chlorination reaction: CIOH= ” + OH and 


CIOH + H (CIOH,)*#Cl* + H,O. 


This assumes that the possibility of the formation of molecular chlorine {s eliminated by the addition of 
silver salts, 


t 


* Derbyshire and Waters (5) observed a catalytic effect of strong acids on the reaction of hypochlorous acid with 
toluene-w=sulfonic acid at very high catalyst concentration (1~4 M), and sulfuric acid was enormously more ace 
uve then perchloric, It is possible that under these somali, it he not the hypochlorous ecidium fon thet {9 
formed, but ecyl hypochlozites, 


: 
me 
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In 1952, we noted (10) that the decomposition of HOCI 
with the formation of the hypochlorous acidium fon 1s {mprobable, 
and that the rate of the reactions investigated by the British 
authors fs apparently limited not by the rate of formation of the 
hypochlorovs acidium fon but by the rate of rehydrolys!s of chlo- 
tine from HOC] through the agency of the traces of chloride fon 
available {n the solution, De la Mate and co-workers did not 
agree with our conclusions [7], and they referred to the fact that 
our experiments were carried out with more concentrated and 
less acidic solutions of HOCI that thelrs, In the present article 
we present new evidence in support of our contention that the 
hypochlorous acidium {fon has no significance in reactions of 

L t 1 1 HOCI and that the kinetic relationships established in the work 
J of de la Mare and co-workers [6, 7] are associated with the forma- 
don of molecular chlorine, 


of We selected anisole as the compound to be chlorinated, 
7 ie for it is distinguished by being easily chlorinated, while the ace 
2 tion of HOC] on It ts enormously weaker, We measured the rate 
of disapperance of actuve chlorine in mixtures containing, in addition to anisole, HOCI and nitric acid, and, in 
addition, small amounts of chloride fon (2s KCl), 


If it is assumed that the rate of chlorination of anisole, v, 1s determined by the rate pat sehapgite of chlo=- 
rine, then 
= k [HOCH] «= kp [H*) [HOCI] [CI-] 


and, consequently, 
k= kp [H*} 
Values for the rate constant for the rehydrolysis of chlorine kp have nese determined by different methods ° 
[11}. As a probable average, we assume that kp = 6.5°10° Litess™ mole™*- min™ (at 0°), 


The experiments were carried out at 0° in blackened vessels, The hypochlorous acid was prepared by double 
distillation of an aqueous solution of chlorine and Ag3P0,. Solutions with a specific electrical conductance of 
2-10°§—2.6°10°* ohm™!+cm*! at 0° were used for the kinetic experiments, Samples having a volume of about 
5 ml were titrated with 0.01 N thicsulfate from a pneumatic buret, The chlorination reaction was very sensitive 
to traces of hydrochloric acid; therefore, the reproducibility of the experiments depended on the quality of the 
original preparations of hypechlorous acid, In each individual experiment, the first-order rate constants with res 
pect to active chlorine were, in general, constant, although in certain cases, particularly in experiments in which 
KCl was not added, there was a noticeable tendency toward an increase in the rate constant mening the course of 


By the data of Table 1, it {s possible to establish that the chlorination rate depended somewhat on the anisole 
concentration®, and, in the presence of chloride ion, it was directly proportional to the hydrogen Jon concentra= 
tion, In the remainder of the discussion we thall use data from experiments where the hydrogen fon concentratice 
was Constant and the anisole concentration was as high as possible, 


The figure compares experimental values of k for two serics of experiments at different chloride fon con= 
centrations with values of kp[H* YC") at the same concentrations of reagents, The initial concentrations in ell 
experiments were; anisole, 0,01 M; HNOg, 0.001 M; HOCI, 0.001 M, In one series, the experiments were carried 
out with the ssme HOC solution during the course of several hours of the same day, uf 


© In de la Mares experiments [7}, the anisole concentration had almost no effect at all on the chlorination rats, 
he fs possible that this divergence from our observations is explained by the different ee _ used by the 
British authors for their 
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TABLE 1 


(HINO3) x 1% 
(NaGil) x14 
(KCI) Xx 1% 


* A is the concentration of anisole; brackets denote the true concenuation and parentheses 
the analytical concentration of the reagents at a temperature of 0° 


TABLE 2 


(AcCl) 
(KCI) x 10° 
(& — ko) 108 
kp [H*] [Ci-] x 16 


We note that the straight lines representing the dependence of chlorination rate (1) on chloride fon concen=- 
tration and the line (2) representing the dependence of kp[H*t}[C1~) on chloride ion concentration lie close to each 
other, and differ by a small, constant amount, It is further clear that even at very low chloride fon concentrations 
(of the order of 107° M), the chlorination of anizole occurs chiefly by molecular chlorine, Exuapolating the chlore 
ination rate to zero addition of KCI, we find that kg, the intercept on the ordinate, is equal to 0.003 minutes”, 
The experiments in which KCl was not added gave simflar values, 


The value of kg is composed of contributions from three sources: (a) chlorination of anisole by hypochlorous 
acid without the participation of chloride fon or hydrogen ion, (b) chlorination by traces of chlorine present in the 
initial HOCI solution, (c) chiorination by hypochlorous acidium ion insofar as it participates in the reaction, 


We may {ind the contribution of reaction (a) by measuring the rate of chlorination of anisole {n the presence 
of small additions of a base, when the concentrations of chloride and hypochlorous acidium fons are decreased to 
insignificant values. This method was compifcated by the circumstance that the addition of small amount of a 
base did not decrease, but increased the chlorination rate to a certain maximum at 25-26% neutralization of the 
HOCI*. By extrapolating the values of k to zero addition of base, we obtain k, for reaction (a), 0.0015 min“, 

The difference (ky—k,), which is equal to 0.0015 min™, is the sum of the rate constnts for (b) ard (c). If all 

. of the 0.0015 min™ {s due to molecular chlorine, then with the aid of the value of kp it is possible to calculates 
the chloride fon content in our kinetic mixtures introduced with the initial hypochlorous acid, This calculation 

gives a value of 2.2107 M, it ds quite possible, and even probable, that there was such e chloride concentration 

in our solutions, De la Mare and co-workersassumed that they freed their solutions from the presence of chloride 


fon by the addition of silver salts [6, 7,12} Apparendy, they did not take into account that very disperse silvex 
chloride can act like dissolved chlorine, 


In order to evaluate the effect of very small concentrations of AgCl, we contest out the following experie 
ments, A 4°10°* M solution of AgCl was prepared by mixing equimolar solutions of AgNO, and KCl, and AgCl 
solutions from 2+1075 to 0.5+10°* M were prepared from this solution by dilution, Thin layers of the 2¢ 10°? M 
solution appeared turbid, while the less concentrated solution was completely transparent, These solutions of AgCl 
were introduced into the usual mixtures used in our kinetic experiments, sometimes with the addition of KCl, Ths 


silver chloride did not cause any appreciable decomposition of the ow acid in control experiments with 
out anisole, 


This phenomenon finds explanation in the fact that the anes agent in bale esheatins is chlorine monoxide, 


Its formation from HOC, which is the slow stage of the reaction, accelerates with the addition of a base, seit: 
owlng to the reacticn HOC] ¢ 


| 10 
i |4 
j 2 2 30 
0,1 10,45} 0,6 
aq jos jos | 12 Jos} — 
—10.5 | — 105) —| — 
0,38} 0,75 }0,6414,0 | 0,2 10,57/0,6 10,8 | 0.9 | 2,2 } 4,5 
0 {0,371/0,4 |0,6 | 0,7] 2,0] 4,3 
4,3 | 1,6 | 1,3 
| 
| 
| 
| 
| 
| 
4 
| { $71 


Table 2 presents values of the constant k from experiments in the presence of AgCl and, for comparison, 
values ofkp(H*} [Cll In all experiments, the temperature was 0°, and the concentrations were (in mole/ Liter}: 
anisole, 0,005; HOCI, 0.001; HNOy, 0.001, During the course of an experiment, the values of k display only an 
insignificant upward wend, The Cl” concentrations may be taken as the sum of the AgCl and KCl concenrations, 


The data of Table 2 show that AgCl exerts a significant catalytic effect on the chlorination of anisole by 
hypochlorous acid, an appreciable effect even with the addition of KCl to 2+10°* M, The close correspondence 
of (k—k,) with the values of kp[H*)}[C17] Indicates that at low concentrations, silver chloride gives approximately 
the same catalyue effect as soluble chlorides, Therefore, our experiments on the addiuion of AgCl could not give 
the result which the British authors expected, 


In general, the data of our new investigation, together with our previous observations [1,2], confirm that the 
hypochlorous acidium fon has no significance in the chlorination of organic compounds by hypochlorous acid fa 
aqueous solutions, even in the ebsence of chloride fon, From a theoretical point of view, this conclusion finds exe 
planation fn the fact that the equilibrium in reaction (1) {s exuwemely unfavorable for the formation of the hypo= 
chlorous acid{um fon, or, in other words, that the basic properties of HOCI are exuemely weak (cf. [S). This con- 
clusion is in agreement with thermodynamic calculations of the possible equilibria of the hypochlorous acidium 
fon with hypochlorous, acid (13). 
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The present communication reports experimental data regarding the preparation of hexadienes with conjue 
gated bonds by dehydration of the oxidation products of propylene dimer, Morecver, our investigations showed 
that the proposed method for the synthesis of alkad{enes is more general and can be considered a universal method 
ior the preparation of dienes from the olefinic hydrocarbons occurring in the liquid and gaseous produc of petro= 
leum processing, 


The polymerizationof propylene over solid phosphoric acid catalyst has found widespread industrial applicae 
tion in the production of alkylarylsulfonate-type detergents. During the polymerization of propylene, a considere 
able amount of propylene dimer {s also formed along with propylene trimer and tetamer, Practical exploitation 
of propylene polymerization by industrial establishments has shown that the polymerization products contain up to 
20% dimer, The reaction can be directed toward maximum dimer formation by changing the polymerization cone 
ditions. 


The structure of propylene dimer has been a subject of investigation by a number of authors {1-5}, who es- 
tablished that it 1s composed of hexenes of differentstructures, Without going into detail relaulve to the differe 
ences among individual authors as to the composition of the dimer, we may say that according to the best cone 
firmed investigations, the dimer consists chiefly of 2-methyl-2-pentene, 3-methyl-2-pentene, and 4-methyl-2- 
pentene, 


Hydrocarbons containing a double bond readily undergo liquid-phase oxidation at moderate temperatures” 
with the formation of hydroperoxides [5-10} in this case, the locations most vulnerable to oxidation are the care 
bon atoms occurring alpha to a double bond, As would be expected, the occurrence of a primary, secondary, of 

. tertiary carbon in the alpha position leads to selective oxidation in the following order; tertiary> secondary > 
primary. 

5 Hydroperoxides rapidly decompose in the presence of hot alkalies with the evolution of oxygen and the formae 
_— tion of unsaturated alcohols in ylelds up to 80% [8, 9}. Therefore, oxidation of olefins in the presence of an alkali 
should make it possible to combine the reaction by which hydroperoxides are formed with the reaction by which 
hydroperoxides decompose to yield unsaturated alcohols, Our experiments established that during oxidation of une 
saturated hydrocarbons in the presence of alkaline reagents, other, side reactions take place leading to the formae 

. Hon of oxides and a very small amount of glycols, carbonyl compounds, and other oxygen-containing products, 


Oxidation products prepared from propylene dimes by the method Indicated above weze used by us as the 
starting material for the synthesis of rubbery diene polymers; this represents the first such use of this material, 


f E 


TABLE 1 


MR 
Fraction 


found! cale, 


Hexene oxides 20,67} 29,35 
Hiexenols x 30,07) 30,97 
Glycols and other 
oxidation 
products 
Residue 


TABLE 2 


Initial frac4 Dehydration ame Constants of 60-80 
tion time, Gacy fraction 
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Hexene oxides 
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The starting material for the preparation of hexadienes was an oxidation product obtained by oxidation of 
propylene dimer with atmospheric oxygen at a temperature of 70-89° and a pressure of 15-20 atm, and in the pre= 
sence of NaHCO, solution and small amounts of a catalyst (magnesium resiuate) and an initiator (cumene hydro= 
peroxide), According to unpublished data of N. N, Vorozhuov, L. A. Ivanova et al., when the oxidation of the 


dimer {s carried out for the purpose of subsequently synthesizing hexyl and heptyl alcohols, the hexene conversioa 
fs about 28-32% optimum conditiom, 


After decomposition of the peroxide compounds present in the oxidation products, the material had the fole 
lowing constants: 0.8484; 1.4280, mol. wt, 130; Engler distillation: 1.b.p. 78° 10%, 89°; 20%, 98% 
30%, 105°; 40%, 114°; 50%, 125°; 60%, 135°; 10%, 149°; 80% 171°; 90, 225°; ep. 234", 


The oxidation products were fractionated into hexene, hexenol, and hexene oxide fractions (see Table 1), 


The fractions corresponding to oxides and unsaturated alcohols, both Individually and together, were sub= 
fected to dehydration over aluminum oxide. A cztalyzate corresponding to the theoretical yleld of dienes from 
the unsaturated alcohols and oxides preseut in the fecd was obtained at temperatures of 350>400° and a space rats 
of 0.5-2 volumes of feed per volume of catalyst per hour, Results of individual experiments carried out at 8 space 
rate of 0.5 liter per liter of catalyst per hour asc presented in Table 2 


As may be scen from the data of Table 2, the amount of the 60-80° fraction in the catalyzate varied fromm 
82-95%, Analysis showed that the 60-80° fraction contained fron 10-80% diene hydrocarbons, 


110 i 0,72590 41,4240 
. 0,7284 1,4242 9 
i 0,720) 1,4244 
i 0,724 1,4246 
; 2 0,724 1,4246 
5 0,7255 1,4238 
95, 0,7316 1,4240 
95, 0,798 1,4238 
3, 0,7310 | 41,4240 
0,730 1,4240 
enols 
$0 — 180 5,6 0,734 1,4244 
j 93,4 0,725 1,4248 - 
92,3 0,726 | 1,426 
2 
: 
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The formation of dienes from 2-methyl-2-pentene, 3-methyl-2-pentene, and 4-methyl-2-pentene, which are 
the major components of propylene dimer, can berepresented as proceeding through the formation of hydroperoxides 
and unsaturated alcohols and through the formation of hexene oxides as in the following two schemes; 


1, Formation of hexadienes through hydroperoxide and unsaturated alcohol stages, 
CH,--C=CH—CH,—CHs CH,—CH =C—CHi,—CIl, =CH—Chts 
8 
| Oxidation of with the of 
OOH * oon 
8 


Decompositioe of the hydroperoxides with the format ” “4 
OH OH 


| Dehydration of the hexenols 

CH,—C=CH—CH=CH, Ci,—CH=C-CH=CH, 


2. Formation of hexadiene through oxide and unsaturated alcohol stages, 
CH;—C=CH—CH,CH, CH,;CH =CH—CH—CH, 


of hexenes with the formation of oxides 


3 
1 
. Isomerizatica of ~ oxides to hexenols | 
OH 


Dehydration of the hexenols with the formation 
‘ of hexadienes 
CHs=CH—C=CH—CH, 


As may be seen from these schemes, successive conversion of the hexenes present in propylene dimer, both 
in the case of the first stage and in the case of the second stage, leads to the formation of three methylpentadienes 
with coojugazed bonds, namely 2-methyl-1,3-pentaalene, 3-methyl-1,3-pentadiene, end 4-methyl-1,3-peatadiene, 


The catalyzate was copolymerized with butadiene and with styrene in an emulsion system, and latexes and 
rubbers having the required technical properties were obtained, The polymerizations were camied out with the kind 
cooperation of B, A, Dolgoplosk in the laboratory of the Scientific Research Institute of Synthetle Rubber, 


Thos, we have developed a new process for the production of alkadienes with conjugated double bonds from 
unsaturated hydrocarbons, 
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In investigations of systems formed by three or four components, modcls are frequently used to depict 
more graphically the relationship between composition and properties than it can be accomplished by means of 
graphs, Models become still more useful with an increase in the number of components (and other conditions af 
fecting equilibrium), since figures in n-dimensional space can be 
used to represent composition in this case, Thus, flve-componem 
systems of various types are mainly represented by means of tree 
different four-dimensional figures [1} 1) pentatope — for simple 
systems, Le,, systems formed by five metals or oxides of salts with 
a single common fon; 2) a tetrahedral hexahedroid — for reciprocal 
systems formed by four cations and two anions (or four anions and 
two cations), f.e., a system of eight simple salts; 3)a prismatic 
hexahedroid — for reciprocal systems formed from three cations 
and three anions, L.e., 2 system of nine simple salu, We shall de- 
note these different types of five-component — by, respece 
uvely: 5915482303, 


These four-dimensional figures can - prigened on six com 
ordinate planes, However, analysis shows that the resulting pro= 
Jections are not equivalent with respect to thelr descripuvencss 


48 


Fig. 1. Optimal model for depicing — and practical usefulness, In each case, only one of the planar pro= 
simple five-ecomponent systems (type Jections, which we have named optimal projection (2), permits 
6 81) representation of all component on a uniform scale, gives a graphic 
representation of the boundaries of the individual phases of the 
system, and permit quanutative calculation, 


Depending on the nature of the system and the properties of the four-dimensional figure, construction of the 
complete equilibrium diagram {s accomplished by means of several projections of the optimal type: For the systems 
6 ll 1; 4 § 2, and 3 fj S, respectively, three four, and nine optimal projections are used, It is possible, howcvez, to 
project the figures enumerated above in three-dimensional space rather than on a plane, By referring them toe 
cartesian coordinate system. with x,y, = and T axes, ft {s possible to prepare projections of the model in fourecoe: 
ordinate space; xyz, xyT, XzT, and yzT. Like the projections of this same figure on planes, these space sanail 
tions also differ from each other w ith respect to their cescriptiveness, 


| 
| 
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AA 
Fig. 2. Optimal model for representae Fig. 3. Optimal model for representation 
tion of recSprocal systems of five come of reciprocal systems of five components 
ponents foeming eight simple salts (type forming nine simple salts (type 3 J] 3). 
2. 


It has been found that only the projection !n xzT space {s optimal for the pentatope (see Fig. 1). This pro=- 
jection {s « tetrahedron, three of the corners of which correspond, respectively, to three components of the system 
(E, D, and C), while the fourth corner represents the sum of the remaining components (A and B), In order to ree - 
flect the equilibrium diagram of the 5 lj] 1 system in {ts entirety, it ts necessary to construct two models of the : 
type of 1. 


For the tetrahedral hexahedroid, there {s also only one projection permitung quantitative calculations — the 
projection in xzT space (sce Fig. 2), This projection {s a triangular prism; four of its corners, D, C, D, and Cy 
(two in the upper and two in the lower base), correspond to four of the simple salt of the system, while the remaine 
ing two corners each represent the total of a pair of the remaining salu (AB and A,B,). Thus, in order to represext 
a4] 2 system In ft entirety, it fs necessary to construct two models of the type of Fig. 2, since the original sys~ 
tem forms efght simple salts, Finally, the prismatic hexahedroid can be projected in two coordinate systems, xyT 
and xzT. The models of these two cases are similar. One of them {s shown in Fig, 3, 


The original nine simple salts are distrfbuted as follows on the triangular prism: three salts (A;, pee Ce) at the 
corners of the upper base, and the remaining six in pairs at the three corners of the lower base(AAy, BB,, and CC,), 
Therefore, in order to represent the complete equilibrium diagram of a 3] 3 system, it is necessary to construct 
three models of the type of Fig. 3, The models shown in Figs, 1, 2, and 3 can be constructed on the basis of date 
regarding the composition of the ternary systems represented on the faces of the tetrahedron or on both prisms, At 
the same time, preliminary equilibrium diagrams of the corresponding five-component systems will be a 
and these will Provide an ccienting idea of the five-component system es a whole, 


Such models are very useful for forecasting compositions having desirable ee and for tntleatiog the 
"most promising directions for investigations of mulucomponent systema, ; 
LITERATURE CITED 
fi] V. P. Radishchev, Sektora Fiz-Khim, Aniliza, 22, 33 (1955). 


[2] F. M. Perel*man, Methods fof the Representation of of Five Compo= 
neat [in Russian] (Acad, Sci, Press, . 


4 4 | 

SSS 

| EN c S | 

| 

' 
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It has previously been shown that ethylene undergoes telomerization with {scbutyric acid at a temperature 
of 250°and a pressure of 850-950 atm,with the formation of a mixture of telomeric homologs of a,a-dimethylcare 
boxylic acids [1], Other acids having a C— H bond at an alpha carbon atom may be used in this reaction, 


The present communication presents a description of the synthesis of dizlkylacetic acids by means of the 
free-radical addition of straight-chain acids to alpha olefins, The reaction of propionic, butyric, enanthic, and 
capric acids (or their methyl esters) with 1-hexene, l-octene, I-decene, and l-tidecene were studied in the 
present work; these reactions proceed according to 


R — CH; — COOH + CH; = CH — R’ = R’ — CH, — Ci, — CH(R) — COOH. 


The addition of isobutyric acid to decene showed that this method can also be used for the synthesis of trialkyl- 
aceuc acids. The reaction was carried out at atmospheric pressure and in the temperature interval of 135-180% 
tert-butyl peroxide served as the initiator, Table 1 presents the experimental conditions, the amounts and mole 
ratio of the coinponent of the reaction and of the peroxide, and the structures and yields of the 2ddidion products 
(1:1 adducts), The properties of the products obtained — acids and esters — are presented in Table 2, Experimeas 
1-VII and IX weze carried out under standard conditions: The original acid (or its methyl ester) was charged to 

the flask, and the olefin and peroxide were added dropwise over a period of 5-7.5 hours, The acid was taken in 
five- to eight-fold excess with respect to the olefin, The data of Table 1 show that 1:1 adducts were formed in 
rather high yields (36-69%) in practically all cases, The lowest yield, that of dimethylhexylacetic acid (expezie 
ment III), may be explained by the insufficlendy high reaction temperature, The methyl estersof the acids (ex= 
periments V1 and IX) formed 1:1 adduct in yields somewhat lower than those obtained with the acids, The 
amount of peroxide had a substantial effect on the yield of addition product, In two experiments caried out under 
the same conditions at mole ratios of methyl enanthate to l-octene to peicxide of 7.7:1.0: 0.26 and 7.7:1.0:0.13, 
the yield of the methyl ester of amyloctylacetic acid was 56.5% in the [int case and 40% in the second, Replacee 
ment of the continuous method of feeding peroxide to the reaction zone by 8 portionwise method slso led to a de= 
crease in the yleld of 1:1 adduct from 56.5% (experiment VJ) to 42.4% (experiment VIIQ. In addition to the 13:2 
adducts, high-molecular-weight products were also formed in all cases, 


When tert-butyl peroxide {s used as the initiator, the free radica] reactions usually take place at tempezae 
tures not below 120°, In the reaction described above, advantage was taken of the fairly high boiling points of the 
original acids of esters to attain such temperatures, When the reaction was carried out using the methyl esters of 
propionic, butyric, and fsobutyric acids (which do not have sufficiently high boiling point), the addition to the 
alpha olefins could be accomplished only in an autoclave, Table 1 presents the conditions used in the autoclsve 
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experiments (Nos, X-XIV), while Table 2 presents the properties of the 1:1 adducts, the yields of which were 
17-31%, In these experiments, the percxide was intoduced in three portions as a solution in a mixture of olefin 
and ester, Attempts were made to Carry out the addition of methyl acetate to l-decene, but these were unsuccess~ 
ful. The experiments were carried out at different ratios of 1-decene to methyl acetate to peroxide in the teme 
perature Interval of 160-240° Consequently, only those acids (and thelr esters) which have CH, and CH groups 

can be added to oicfins, However, it would be expected that when several methylene groups are present in the 
molecule of acid, addiuon to an olefin would take place not at Just the alpha C—H bond alone, In order to clarify 
this problem, the product of the addition of methyl] butyrate to 1-hexene was saponified to the acid, with d.p. of 
93-95" (2 mm), ny 1.4335, and the acid was converted to the amide with a m.p. of 100.5-101°C, By means of 
alternate synthesis 


+ CH,MgBr (OH) GH, 
Me 


we prepared ethylhexylacetic acid with a b.p. of 126-128° (5 mm) d™4 0.8957; n™p 1.4332, Its amide melted at 
100-101°, and a mixture of this amide with the amide of the addition product melted without depression of the 
melting point, Had methyl butyrate added to the hexene by the beta cerbon atom, 3-methylnonanoic acid would 

ve been formed, The amide of 3-methylnonanoic acid was prepared from 2-bromooctane by malonic ester syn- 
thesis, and this compound was found to melt at 79°, which corresponds to the melting point given in the Hterature 
for this amide [8]. Thus, free radicals arising through the decomposition of tert-butyl peroxide remove a hydrogen 
atom only frora the alpha carbon atom of the acid, which leads to the formation of the R- CH— COOH radical 
which thenadds to the olefin. The reaction proceeds by a chain mechanism, Experiments I-VI and LX were care 
tied out under the same conditions, We shall confine ourselves to a descripdion of one of them, 


Experiment V. A mixture of 72 g of enanthic acid, 35 g of l-octene, and 12 g of peroxide was added drope 
wise, over a period of § hours and 40 minutes and with vigorous stirring, to 240 g of enanthic acid heated to 180°, 
and the reaction mixture was heated for an additional hour, Owing to the formation of lowboiling products from 
the decomposition of the peroxide, the temperature of the mixture dropped to 167° toward the end of the experle 
ment, The product was distilled to obtain 7.6 g of low-boiling products, 280 g of enanthic acid, 49 g of amyloctyi- 
acetic acid (65% yleld), and 19.5 g of high-boiling residue, In experiment I, the reaction of propionic acid with 
l-uidecene gave methyl ridecylacetic acid, and distilladion of the high-boiling residue yielded an acid with an 
m.p. of 51-53°, apparently having the following structure: 


Cy (2:1 adduct) 
Found % C 79.60; 79.64; H 13.04; 13.32 CyyH,s0,. Calculated % 79.38; H 13.82 


In experiment VIII, 174 g of the ester, 13.5 g of l-octene, and 2 g of peroxide were heated In a flask at 150° for 
1 hour; the remaining peroxide and olefin were then edded in five equal portions over equal time intervals, 


Experiments X-XIV were carried out in a 200-ml steel autoclave without agitation; the ester and olefin were 
charged to the ee -ge and the tert-butyl peroxide was added in three equal portions: 44 at the beginning of 
the experiment and Ps at approximately equal time intervals (about 8 hours in XI-XLI] and about 3 hours in experie 
ments X and XIV). In aan XI-X1I, the peroxide was added to the cold autoclave all three times, while 
fa experimens X snd XIV, of the peroxide was added wo the cold autoclave and in solution in ester, was 
injected into the autoclave at reaction temperature, 

LITERA TURE CITED 

(1) D. D. Coffman andj, R, Roland,J, Am, Chem, Soc, 72, 3392 (1950), 

[2] J. R. Roland snd J. Harmou, USA Patent 2,433,015;Chem, Abstr, 42, 2268 (1948). 

[3} W. M, Stanley, M, &, Jay, and R, Adams, J, Am, Chem, Soc, 51, 1251 (1929), 

{4} A. Haller and £, Baver, Compt, Rend, 149, 7 11909), 


(5) P. Buu-Hol and P, Cangisnt, Rec, tay.Chem, 65, 246 (1948), 


| 

| 


[6] C. M. Greer and R, Adams, J, Am, Chem, Soc, 52, 2540 (1930), 
[7] O. Brunner and G, Wiedmann, Monatheft 66, 438 (1835), 
(8) P. A. Levene and J. A. Mikeska, J. Blol, Chem, 84, 571 (1929), 


4 


| 
{ 
= - 
y 
t . - 
e 
. 
bed 


~ 


| 


| 
H 


ON THE REVERSIBILITY OF THE REACTION OF BETA 
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During the course of a study of the Interaction of spodumene with sulfates of the alkali metals (Me,SO,), it 
has been established [1] that the clearly demonstrated ability of the beta modification of this mineral to react at 
high temperatures with various salts is generaily not characterized by a tendency of the mineral toward decome 
position into a series of phases with the formation of soluble aluminates and sil{cates, Over the course of the 
intersection of B-tpodumene with Me,SO,, which takes place under many experimental conditions as a solide 
phase process, there arises only a single new water-insoluble mincral formation; in addition, Li,SO, is obtained, 
usually containing 2s an impurity Na,SO, due to the isomorphic sodium present in the spodumene, It is precisely 
this circumstance which makes 8 -spoduimene a convenient starting material for experimental mineralogy, Thus, 
by sintering B-spodumene with K,SO,, RbzSO,, and Cs,S0,, we synthesized, respectively, leuciie, rubidium 
minosilicate, and pollucite (1) having the composition Me[A1Si,O,}. Complete identification of these synthetic 
aluminosilicates has now b:en accomplished (2-5), Only in the case of the interaction of B-spodumene with 
Na,SO, was there observed decomposition of the mineral, vitrification of the mass, and finally, cessation of the. 
reaction, 


The formation of synthetic aluminosilicates also takes place during the Intetaction of a-spodumene with 
Me;SO, [1} however, it proceeds through an intermediate a-» 6 wansition of the spudomene, which requires an 
increased source of heat 


The data from x-ray investigation [1, 3-5) have shown that in the synthesis of alkali inetal alum{nosflicates 
from 6 -spodumene, a temperature of 900-950° is sufficient, and only if it is desired to force the reaction to come 
pletion (preparation of completely single-phase products) is it expedient to carry out the sintering at 1000-1050°, 


It {s also well known from the practice of the sulfate method of processing spodumene, which is based oa sine 
tering of this material with K,SO, at 1050-1100°, that temperature has an effect on the degree of extraction of 
lithium by the sulfate, f.¢., on the completeness of the transition of B-spodumene to leucite, The amount of K;SO,4 
charged to the sintcring stage is no less significant, Although the amount of L{,0 in the spodumene concentrate fs 
usually taken into account in evaluating the charge of KsSO,, this evaluation is, nevertheless, empirical, Since 
there is no quantitative information on the degree of extraction of todium from spodumene during the sintering 
process, technological calculations are virally independent of the basic reacdon,which determines the mechane 
ism of the interaction of the mineral with K,SO,, In many cases, weight ratios of the componenn of the charge of 
1:1, or close to i, are used in composing the charge during operations with standard raw materials, 


For a further study of the interaction of spodumene with K;SO,, an evaluation of the reagent charged Jn cone 
nection both with the extraction of the majog (Lithium) end minos (sodium) elements eppeared of interest, At a 
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Debye patterns: a) original B-leucite; b) S~:pedemene (standard); c) synthetic B-spodumene, 


matter of fact, if spodumene were purely a lithium mineral, the reaction involved in sintering of the material with 
K,SO, could be written in the following manner: 


+ K3SO, = Li;SO, + 


In actuality, spodumene contains a variable amount of sodium, and, therefore, the basic reacticn determining the 
mechanism of the interaction of the mineral with K;SO, should be written in the form of a general equation: 


(Li, Na): 0+A1:03-4Si0, + = (Li, Na); SO, + (2) 


In order to trace the nature of the exrraction of lithium and sodium from spodumene experiments were carried 
out at different ratios of reaction components and over a broad range of temperanue, The starting material was 
B- spodumene containing 5.44% LizO and 3,20%Na,O The method of preparing the charge, the sintering, the 
water weaument of the sintered products, and the analysis of the solutions were similar to those described previ 
ously (2}, The sintering time was three hours in all cases, The results obtained by analysis of solution obtained 

. by water reatment of the sintered products are presented in the table, In the table the amount of K,SO, charged 
the sintering reaction, which comprised 20, 40, 60, 80, and 100% by weight of the B-spodumene, is expressed in 
percent of that theoretically required by reaction (1), and are compared with that according to reaction (2), The 
calculated data for reaction (2) are shown in parentheses, 


As may be seen from the data in the table, the extent to which sodium went Into the soluble phase {s as- 
sociated with the extent to which the lithiumwas made soluble, and there Wasa sharp increase beginning at 900°C, 
at which temperature, leucite , resulting from the interaction of -spodumene with K,SO, is detected in the re= 
action products [1, 2}, However, the relative amount of sodium extracted into the soluble phase gradually lagged 
behind the amount of lithium extracted from thespodumene, When the amount of K,;SO, charged was 250% of 
that required by reaction (2), extraction of lithium from the spodumene was practically complete, and at the same 
time there was considerable, but incomplete,exuactior of sodium, A part of the lamer was retained by the leucite 
formed during the sintering, Thus, the major part of the K,SO, charged was used in the complete extraction of the 
lithium, and a2 certain amount was lost by the accompanying extraction of sodium, prevention of which does not ap= 
pear possible, 


The nature of the effect of excess KySO, on the degree of lithium extraction suggests that the reaction bee 
tween B-spodumene and K,SQ, at high temperatures is reversible, The simplest way to confirm this assumptioa 
appeared to be to attempt to carry out the reverse synthesis of B-spodumene from leucite, With this aim, a sample 
of natural leucite (KyO, 20.73; 6.37, 23.38; SiO3, 55.46 wt. %) was sintered with Mthium sulfate et rae 
thos of 1:1 and 1:2 by weight (which comprised 340 and 680%, respectively) and at temperatures of 800, 900, and 
1000° for periods of ro and three hours, The method was completely analogous to that used for the synthesis of 
leucite (1,2), After all of the soluble salts had been washed from the sintered products, the material was subjected 

to x-ray analysis, The presence of B-spodumene was detected in all of the samples, and the products obtained 
from the experiments carried out at 900 and 1000° were single-phase, i.e,, they were ne leucite was 
NOt present, 
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Data on the Interaction of B-Spoduinene with Potassium Sulfate 


K,SO, charged, based on reaction (1) or (2Xin % of theoretical} 


— €2.5 | 2900200) | 312.8 (280) 
= Put into solution (in % of initial mineral) ; 
11,0 | 11,0 | | 11,0] xa,0| 11,0 | NeO | 11,0 | 

2.74] 4.69 

| 9.83 

69.44 | 

71.9) | 46:96 

£9.44 | 61.07 

95.20 | 65.25 

98.24 | 70,33 


One of the products which was prepared at 1000° and a reactant ratio of 1:1, was studied in greater detafl, 
Silicate analysis gave (in wt. %): 7.97 Li,O, 27.38 Al,05, and 64.63 SiO,. Calculated for Li[A1S{,O,} (in wt. %): 
8.04 LiO;, 27.40 Al,0;, and 64.56 SiO;. The average index of refraction was n* = 1.519 4 0.00% polymorphism, 
which is characteristic of leucite, was absent, - The interplanar distances and intensities found by the powder methe 
od were in good agreement with the data recently obtained forB-spodumene [7], The figure shows Debye patterns 
of the original leucite, B=spodumene obtained from natural a-spodumcne by calcination at 1000° for six hours, 
and the synthetic B- spodumene obtained from the leucite. Thus, the synthesis of B -spodumene by the action of 
Li,SO, onleucite is an established fact; this serves as proof of the zeversibility of the basic reaction of the sulfate 
method of processing spodumene, This reaction can obviously be described by the following equation: 


Qcal 


2B-Li KsSO, 2a-K + (3) 


We may remark that the analogous rcute for the synthesis of B-spodumene froin pollucite, Cs[A1S!,0,]-nH,0, and 
Li,S9, failed in iu purpose, which indicates a high stability of the bonds in the compound Cs[AlSi;O,}. 
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A number of catalysts have been used for the alkylation of aromatic hydrocarbons with olefins,of which the 
most widely used ares 


1, Acids — hydrogen fluoride, sulfuric acid, phosphoric acid, compounds of boron trifluoride such as boron 
trifluoride hydrate, and molecular compounds of boron wifluoride with phosphoric acid, 2, Metal halides — alue 
minum chloride, zinc chloride, and others, 3, Synthetic acd natural silica-aluminas, 


7 


Flow-type alkylation apparatus; 1) gar meter; 2) surge tenk; 
3) ulmrathermostat; 4) reactor; 5) drier; 6) propylene cylindez, . 


Alkylation of sromatic hydrocarbons with olefins in the presence of acid catalysts is carried out at relatives 
ly low temperatures from 20-50°; withphosphoric acid deposited on a carrier as the catalysy the temperature 


ranges from se0-a00" at @ pressure of 15-20 atm, while with een chloride the temperature ranges from 
50+80°, 


It is well known [1-4] that alkylation over natural and synthetic silica -aluminas takes place under the fole 
sowing conditions, Hydrated silicaeslumina; 250~400° end 25-40 etm; silica clay: 400° 100 380° and 
350° and 35 aun; $50-380° and 80 sua, 


24% = 


TABLE 1 
Compositions of Mixtures of Alkylbenzenes (in mole percent) Obtained by Alkylauion of Benzene with Propylene 


in the Presence of Different Catalyst (CgHg: CH, = 13:1 at 50°) 


Equil {brium Alcl, 


Sillca= 
alumina® 


AIC], + HSO, 


H,PO,° BF, °° 


Monolsopropylbenzene 
Difsopropylbenzene 
Trilsopropylbenzene 
Tewa lsopropylbenzene 


Benzene content of crude alkylate 
(before fractionation) 


10.0 
24.0 
4.6 
1.5 


§3.2 


57.5 
10.2 

8.3 


36.4 


83.5 
10.5 
4.9 
11 


Space rate 35 hours? 
Space rate 10-20 hours 


TABLE 2 


Yields of Alkylbenzenes (in pezcent of theoretical) from Alkylation of Benzene: with Propylene in the Presence of 
Different Catalysts (CgHg:CgH, = 1:1 at 50°) 


Silica= 


AlkyIbenzene 


Monoisopropylbenzene 67 31 
Dilsopropylbenrene 


Trilsopropylbenzene 22 46 
Tewralsopropylbenzene 


e 
The kinetics of the vapor-phase alkylation of benzene with propylene over silica-alumina at 325° and at 
mospheric pressure have recently been studied, Thus, the use of comparatively high temperatures and, in the 
majority of cases, high pressure is peculiar to alkylation over silica-alumina, 


In the present work, the authors were the first to show that alkylation of aromatic hydrocarbons with olefins 


{s possible in the I{quid phase at relatively low temperatures, + 20, 50, and 70°,at rates nn with those ob= 
tained with an acid catalyst. ° 


Experiments on alkylation over commercial silica-alumina were carried out in a vertical reactor (Fig. 1) 
having a diameter of 346 mm, The reactor was packed with a 68-cm layer of catalyst spheres; the catalyst volume 
was 450 ml, and the weight was 300 g, The activity index of the catalyst was 34, the BET surface was 305 nf per 
g. and the pore volume was 0.501 cc/g, The propylene, dissolved in the benzene charge (230 g), was fed into 
the lower part of the column, The olefin feed to the alkylator was « propane-propylene fraction containing 89% © 
propylene and 17% propane, Alkylation in the presence of liquid acid catalysts was carried out In a three-neck 
flask fitted with a stirrer; the method has been described in previous communications (6), The alkylation producs. 
were processed in the usual manner, and were distilled {nto fractions with boiling ranges a to those of 
die, tie, and 


‘Monolsopropylbenzene and diisopropylbenzene were obtained in almost equal amounts over atinctenaiela* ar 
but appreciable amount of tri- and tetratsopropylbenzenes were also obtained, For purposes of comparison, Tabled 
present results from the alkylation of benzene with propylene in the presence of AlCl,, AlClg* HSO, and H,PQy* 
*BFy, Although the product composition obtained with silica-alumina differed from thoss obtained with the other 


} 
| 
| 36.7 
2.8 
2.3 
| mm lus | 
1 Alcl, 
| 46-57 
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TABLE 3 


Compositions (in wt. %) of Alky!benzenes Obtained by Alkylation of Benzene wit Propylene in the Presence of 
Silica-Alumina at Different Temperatures (space rate 35 hours™!) 


Alkylbenzene At 20° At 50° "At 10-80° 


Monolsopropylbenzene 54 
Dilsopropylbenzene 25 
Triilsopropylbenzene 16 
Tetra lsopropylbenzene 5 


Propylene convertion was 60% 


TABLE 


Physicochemical Properties of the Alkylbenzenes Obtained by Alkylation 
. over Silica-Alumina at 20-50° 


lsopropylbenzene® 
Property 


mono- die tri- 


B.>., °C 154 (452,5) 206—216°*(206) 220—240**9(239) 
0,862 (0,862) 0,8604 (0, 8508) 0,8619 
41,4905 (41,4913) 1,4899(4,4893, 41,4922 


Mol, wt 120 (120) 162 202 
Bromine No. 9 0 


* Literature values of the constants are shown In parentheses, 
©° The major part boiled at 204°, 
The major part boiled at 239°, 


catalysts in that larger amounts of di- and polyisopropylbenzenes were formed, nevertheless the alkylation rats 
was the same or higher, _ 


The yleld of alkylbenzenes was high over silica-alumina; moreover, mono~ and dilsopropylbenzenes were 
fonned in approximately equal amounts (see Table 2), ‘ 


Table 3 presents the results of experiments on the alkylation of benzenes with propyiene over silica-alue 
mina at 20, 50, and 70-80°, With an increase in temperature, the yield of monolsopropylbenzene Increased, and 
the yield of dilsopropyibenzene decreased, 


Table 4 presents the physicochemical constants of the alkylbenzenes obtained by alkylation over silica-alu- 


mina, The physicochemical properties of the alkylbenzenes corresponded to the Mterature values, and the alkyle | 
benzenes cid not contain polymez, 


The possibility of alkylating benzene with propylene,with high ylelds at relatively low temperatures, fs obe 
vious if one considers the free energy of the formation of isopropylbenzene at atmospheric pressure according to tha 
reactions. - 

Calls + Coe 22 — 
AF w= — 23378 + 34,017. 


died 
. 


AF hase highnegative valueat relatively low temperatures, 


A 
‘ 
| 
; 
} 


‘ 


~ 


Sflicasalumina {s an acid catalyst, and a number of reactions take place both at low and at high temperae 
tures fn {tt presence; the reactions apparently proceed by @ carbonium fon mechanism, Olefin polymerization is 
one of the low-temperature reactions, Thus, lsobutylene polymerizes over natural silica-aluminas over a broad 
temperature range beginning at ~80°. . 


It 1s well known that in 2 number of cases polymerization and alkylation reactions take place fo the presence 
of analogous catalysts and under closely similar conditions, The low-temperature alkylation of benzene with pro- 
pylene over silica-alumina catalysts is one of these reactions, 
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Sulfinic acids can be considered analogs of carboxylic acids, The use of aromatic sulfinic acics as analytice 
al reagents is more suitable in a number of cases than is the use of aromatic carboxylic acids; sulfinic acids dis- 
soive more readily in water, they precipitate certain metals from more acid media, and they at aad a mote se- 
lective action than the carboxylic acids 14) 


It thus appeared to be of interest to synthesize and to study the analytical behavior of o-hydroxybenzene 
sulfinic acid (I) — a suructural analog of salicylic acid (11). 


( 
This acid, which was prepared for the first time in the 


course of the present work, forms colorless prismatic crystals 
which are readily soluble in water, The material had a 
ing point of 71° after recrystallization from ether, Analysis 
showed that the percentage content of sulfur in this — 
corresponded to that required by theory. 


The absorption specira of this acid were obtained at 
various pH values (see Fig. 1, which stows only tvo of the 
curves obtained for I and, for comparison, a curve for Il), and 
on the basis of these curves the value of K,,,— the apparent 
dissociation constant of the OH group of this reagent — was 


2D 20 0 «330 mp 


and of sali a ‘ 9 a) unfonized form completely in solution, since the concentration of hydrogen 

{ ee { 6); * {onized form of(1) fons in sn accurately prepared 0,01 M solution of o-hydroxye 

of (I) (at pH of 6); b) icnized form int id onten od 

(at pH of 11.98); ¢) un-fonized formof as measur 

I (2t a pH of de etianiiiheacteniiiiie by a glass electrode, which corresponds to a pH of 1,86; there= 

multiptled ‘ ont of 10)" fore, the isobestic point method, which was used for the dee 
7 termination of K'o4,, was inapplicable to the detenninatiog 


of the dissociation constant of the SO,H grovp, 


© 


| 
J 
R2 Vb 
a 
a : 
. 


“2 


Kou 


0,075 0.0125 2,29-40-8 
03125 070125 6..37-10-* 
0,10 0,125 3,10-10- 7,15. i0-* 
0,165 0,125 2,93-10-8 (PKon 
0,200 0,125 8,15) 


The determination of K'o}; by this method [5, 6] was accomplished 
by solution of the two equations 


D=D, (ae) and Kou = 


where D,, Dg, and D are the optical densities of, respectively, solutions 
containing molecules of this acid with fonized and un-ionized OH groups 
and a mixture of molecules in the lonized and un-fonized forms, and 
[H*) fs the molar conceatration of hydrogen Jons in the solution contain= 
ing a mixture of fonized and un-lonized molecules, The average value 
of K'oy Was Calculated from five values obtained by means we the modi 
fied equation: 


The dats are presented in Table 1, 


with I at different pH valves By analogy with II, it would be expected that o-hydruxybenzene= 
(continvous lines), 1) pH 1.9 sulfinic acid would form characteristic — with a number of 

to 7.53; 2) pH 8.34; 3) pH8.57; metals, especially with Fe**, 

4) pH 8.71; 5) pH 9.02, Con=- 
centration of iron, 2.041-10 
mole/ liter; cell thickness, 100 
em; concentration of 1, 0.04%, 
(The absorption spectrum of the 
reagent is shown by the broken 
line), 


Absorption spectra were obtained for complexes of o-hydroxyben= 
zenesulfinic acid with Fe* (see Fig. 2), It may be seen from Fig. 2 that 
the first, violez complex (Aray = 523-527 my) exists over a broad pH: 
interval of 1.9-7.53 (the pH region below 1,9 was not investigated); 
the strongly absorbing second complex (A,,,y * 336-337, 345 mp) exis in 
the narrow pH interval of 8,34-8.71, and occurs in equilfbrium with the 
third complex (A,,,, = 406-410 my) which is formed over the pH n= 
terval of 8.34-9.02, The solution was turbid at PH values above nine, 
which may be due to decomposition of the complex and formation of Fe(OH)». 


By means of the Ostromyslenskif — Job method, we were able to establish that ata pH of 1.9 the mole ratio 
of reagent to Fe*t is 1:1 in the violet complex (the measurements were carried out at 500 mp and 415 mp), At 
a pH of six and above, the components of the buffer mixture caused turbidity, and the mole ratio could not be es 
tablished owing to the formation of acetate complexes of iron under these conditions, Simflarly, Foley and Andere 
son [7} found it impossible to use this method to establish the mole ratio of Fe** and sulfosalicyclic acid in come 
plexes formed in alkaline buffered solutions, Taking into account that at a pH of 1.9,dissociation of the OH group 
must be completely suppressed while the sulfinic acid group, on the contrary, is completely fonized and reactive 
under these conditions, we consider that the composition of the violet complex can probably be expressed by the 


e 
K 
pit | | D | D. | | Oy 
8,34 4,57-10-° 
9.15 7,08-40-1° 
9°55 2°82. 40-3" 
9,65 2,24-10-3” 
40,38 
2 
3 
45 


TABLE 2. 


Sequencel pH interval 
number | of exist- Sensitive 
Acid of come | ence of Amex | €max | ity, 
plex complex pa 
o-Hydroxybenzenesulfinic acid i 1,.9—7,53 |523—527 1440 0,4 
8,34—8.71 |336—337,345] 6960 0,08 
3 8,34—9,02 |406—410 1620 0,358 
Sulfosalicylic acid i 0,7—2,0 497 480° 0,3° 
2 | 464 | 4300° | 
3. Jabove 8 427 $750° 0,i° 


* Calculated from Mterature data [8}, 


Upon comparing the data from Sponge studies of complexes of o-hydroxybenzenesulfinic acid 
and of salicylic (or sulfosalicylic) acid [8-11) with Fe** (see Table 2) it is possible to observe ao analogy in the 
behavior of these acids; they form three complex compounds with Fe, and the absorption maxima of the first 
and third complexes almost coincide; the ratio of reagent to Fe*t in the first, violet complex is the same, and — 
the sensitivity of the reaction is of the same order, ; 

The stability of the violet complex of (I) with Fe*+ (several on and also the manne of solutions of 


the complex with the absorption laws even in tne interval of rather low concentrations, 0.18-0.9y Fe** per ml, 
suggest the use of this reagent for the quantitative determination of fron, 


o-Hydroxybenzenesulfinic acid forms soluble complexes with certain metals, mainly in an alkaline medium, 
among which are colored complexes: orange-red with the uranyl ion, brown with cobalt, yeliow-brown with nickel, 
and emerald-green with copper. It seemed of Interest to consider the reaction of U(VI) with this reagent, We ob= 
tained a curve showing the pH dependence of the optical density of a solution of the compiex of uranium with (D . 
(Fig. 3), on which there were two fairly well expressed maxima, The assumption of the existence of two complex 
compounds of U(VI) with o~hydroxybenzenesulfinic acid in weakly acid (pH 6.56) and weakly basic (pH 8.71) 
media was confirmed when absorption curves were obtained for solutions of the complexes at these pH values (the 
maximuin in the absorption curve of the first complex was at 326 my, while that fa the second curve was at 
362 mp). 


The sensitivity of the reaction of our reagent with uranium at a pH of 8.71 in borate-buffered solution is 
1.4 y U per ml, Compliance with the absorption law also exists in the concentration interval of 2-50 y U per ml, 
and this interval can be used for the quantitative determination of uranium, -_ sensitivity of the reaction with 


sulfosalicylic acid is TyU per ml (12), 


Finally, it should be noted that the presence of the sulfinic acid group in this reagent brings about the formas 
tion of insoluble precipitates with Ti, Zr, Th, U(IV), Sc, Bi, and certain other metals, The behavior of the yellow= 
orange precipitate of o-hydroxybenzenesulfinic acid with Ti is especially interesting: it is not extracted by organic 
tolvents, but it is soluble in those which are miscible with water and which contain an alcohol group, The preci 
pitates formed by the remaining cations enumerated above do not possess this property, The absorption curve of a 
solution of the complex of Ti with (I) at a pH of 1-2 in ethyl or isopropyl alcohol at a ratio of 1:1 (optimum ree 
action conditions) has a maximum at A = 329-330 my (€,,,, ® 1160), The sensitivity of this reaction (0.4 y Ti 
per ml), the compliance with the absorption law over the concenwation interval 3.5-50 y Ti per ml, and the stae 
bility of the complex over a period of time (12 hours) suggest the use of this reaction for the quantitative detere 
mination of Ti, A few words concerning the compound of Ti with this organic substance in 96% H,SO, will be of 
interest, It is well known that salicylic acid forms a red color with Ti under these conditions, We were persusded 
that this reaction would occur with all phenols and compounds with an enol group, including B-naphthol and 

8-hydroxyquinoline (this can be used as a qualitative reaction for an enol group), o-Hydroxybenzenesulfinic acid 
alone in 96% 13,S0, is colored blue (qualitative reaction for the sulfinic see but in the presence of Ti, the colog 


| 
| 
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Considering these results and comparing the properties of o-hydroxy= 
benzenesulfinic acid with those of salicylic acid, including thelr behavice 
with the cations of certain metals, it 1s possfble to form certain conclusions 
of definite theoretical interest, This new organic compound retains almost 
all of the chemical properties characteristic of 11, but in contrast to salle 
cylic acid, it reacts with a number of metals in more acid media, which 
is an advantage when the compound {s used for analytical purposes, Ana= 

io 7) 10 logous precipitates are formed by salicylic acid {n an acid medium, but 
pa they decompose instantaneously with the precipitation of the free acid, 

A special property of the sulfinic acid group — existence in two tautomeric 
Fig. 83. Curve showing the de= forms [13]— Increases the dissociation constant of this acid and at the same 
pendence of Dofa Laguppege of time provides for the formation of compounds in an acid medium, o-Hy- 
the complex of uoj* with(Don- droxybenzenesulfinic acid differs rather sharply from salicylic acid with 
pH, Uranium concentration, respect to its physical properties: {ts melting point {s approximately half 
1.68°10 * mole/ Liter, as great as that of salicylic acid; it fs more soluble in water; its fluores- 

cence {s scarcely visible; it has less tendency toward sublimation (sublimes 
only under vacuum); the sulfinic acid group of this acid dissociates completely and the pK* of its OH group fs 8.14 
while the pK* of the carboxylate group of salicylic acid {s 3 and the pK* of the OH group {s 18,4 11}. The simile 
arity of the chemical properties of these acids emphasizes the very real analogy in their structures, while the dif- 
ferences in thelr physical properties can be explained by the ability of the sulfiaic acid group to occur in two equi= 
lfdrium forms with four- and six-valent sulfur atoms, 
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A number of methods for cleaving the siloxane bund have been described in the Mterature; these Include the 
action of sulfuric acid [1-3], bases [4, 5], and AIC, [6] on hexamethyldisfloxane, Our experiments have shown 
that cleavage of the sfloxane bond with the formation of uimethylstloxane derivaudves of uranium takes place 


when titanium tet:achlorice is allowed to act on hexamethyldisiloxane at temperatures excecding 100°, 


During the investigation of cleavage of the siloxane bond In hexamethyldisloxane by titanfum tetrachloride, 
it was found that Mf the process is carled out at temperatures of 120-200°, the reaction takes place according to 


the scheme 


the reaction ylelds only trimethylchlorosfane aod uimethylsfioxyutanium trichloride (in 69.6% yield), 


All attempt to obtain product of higher cegrees of substitution, such as bis(rrimethylsiloxy)utanium dichlo- 
ride, were unsuccessful, However, when the reaction tempezanure was increased to 280-350°, bis{aimethylsiloxy) 
tanfum dichloride was formed in accordance with the reaction 


TiCly 2 (CHa}s SiOSi (CHy)g [OSi + 2 SICL 


The yield of bi(wimethylsDaxy)utanium dichloride wes 34.7%, This shows that the replacement of a halogen ate 
tached to titanium by a second siloxy group probably proceeds as a result of the interaction of trimethylslloxyde 
In order to confirm this supposidoa, experiments were carried ovt 


tanium trichloride with hexamethyldisiloxane, 
in which timethylstloxytitanium tichloride was allowed to act on hexamethyldiiloxene at temperammres of 
280-320", dichloside wae farmed under diese conditions (in a yield of 43.07%) in ace 


wi 


cordance with the reaction 


(CHa)s (CHeds SiOSi — [OSI (CHa + 


We consider that the mupture of siloxane bonds in hexamethyldisiloxane by thanium tetrachloride proceods 


by Use lovlowines 
‘ 


The titanium stom of the utenium tetrachlocide coordinates with an oxygen of the hexemethyldfoxans 


atin 


with the formation of ths tansition comploats 


287 


ta 2 } 
i 
| | 
= 
| 
TiCly (CHs}s SiOSi Cl, Ti [OSi (CHs)s] (CHs)s SI; 
= 
} 
. 
ga 
| 


St (CHs)s 
fe) + TiCl, No. ee 
@ 
(CHs)s (CHs)s Si 
4 The remainder of the process, which takes place as a result of redistribution of the electron density, entails 


rupture of the siloxane bond with addition of the titanium to the oxygen and the formation of trimethylchlorosflane 
and wimethylsiloxyutanium uichlorides 


(CH): SI aq 
(CHy)s St 4a 


The addition of a second sfloxy group to the titanium atom probably also proceeds through eontinaien of al 
titanium atom of the uichloride to hexamethyldisfloxanes 


(CHs)s SI Fe. 
(CHa) Si (CHs)s Si OSi (CH;)s 


with the subsequent forination of uimethylchlorosflane and bis(eimethylsfloxy)dtanium dichlorides 


(CHs)s Si 


O... 


(CH3)s 


EXPERIMENTAL 


Preparation of Trimethylsfloxytitanium Trichloride, A mixture of 58.6 g (0.308 mole) of TiCl, and 50.0 g 
(0.308 mole) of hexameihyldisiloxane was charged to a Favorskil flask fitted with a long dephlegmator, The mixe 
ture was heated at a temperature of 120° for an hour, and the wimethylchlorosilane, 29.6 g (32.4% Cl} was thea 
distilled at a temperature of 58-60°, The kettle residue was vacuum distilled at a temperature of 62-63°/8 mm 
(literature value, 67°/ 9 mm), and 52,52 g of wimethylsiloxytitanium michloride was obtained for a yield of 69.8%. 


Found % Cl 43.56; 43,20 CsH,OSITICl,, Calculated % C1 43,71 


Preparath 2 of Bistimethylsfloxy)titanium Dichloride, 1) A mixture of 29.0 g (0.153 mole) of TIC, and 
50.0 g (0.306 mole) of hexamethyldisiloxane was passed through a quartz tube packed with glass chips; the tube 
was heated by a furnace, The furnace temperature was 350°, The mixture which collected in the water-cooled 
receiver was subjected to fractionation, A total of 15.6 g of bixtrimethylsiloxy)titanium dichloride was collected 
ac a temperature of 87-88°/8 mm, The yield was 34.7%, 


Found C 24.49; H 6,36; Si 18.8; Ti 16.40; Cl 23.8 Calculated C 24.15; H 6.043 
Si 18.8; Ti 16.45; Cl 23.88, 


2) Simflarly, but at a furnace temperature of 320°, 20.5 g of bis(trimethylsiloxy)titanium dichloride was 
separated by fractionation (at 63°/ 3mm) from the products of the reaction of 29,1 g (0.16 mole) of rimethyle 
sfloxytitanium trichloride and 25.6 g (0.16 mole) of hexamethyldisfloxane, The yie!d was 43.0%, 


Found % Si 18,2, T1 15.95; 24.6 Calculated 51 18,8; Ti 16.45; Cl 23.88 
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The liquid phase oxidation of paraffinic and olefinic hydrocarbons in the presence of boric acid has previe . 
ously been investigated in our laboratory [1, 2}. It was demonstrated that the structure of the hydrocarbon mo= 
; lecule has an effect on the nature of the oxidative conversion, Ia this connection, It seemed of considerable fae 
terest to study the oxidation of naphthenic hydrocarbons under conditions which would ensure that the process 
would be highly selective with respect to the formation of alcohols, 


TABLE 1 
found Literature values [3] 
b.p. 

n- Amylcyclohexane | 14,4449 | 0,8045 | 77/10 | 41,4445 fo,8060 
n-Heptylcyclohexane 109—140°/10 | 41,4492 | 0,8101 | 409/10 | 41,4486 }o,8100 
b- Nonylcyclohexane 138—139°/40 | 41,4530 | 0,8172 138/10 | $,4522 }o,8170 
- 
TABLE 

. Hyérocarbon HydroxylNo, | Acid No, | Ester No, | Carbonyl No, 
n-Amylcyclohexane 87.0 9.0 18.3 
n-Heptylcyclohexane 62.0 at 43 _ 185 


"For this purpote, a series of naphthenic hydrocarbons having side chains of different lengths (n-amylcyclo= 
hexane, n-heptylcyclohexane, and n=nonylcyclohexane) was nannies vis the Grignard route, The constants of 
these hydrocarbons are presented in Table 1, 


- Oxidation of the naphthenic hydrocarbons was carried out using @ ome" mixture coraining 2.8% 
5 Oy as the oxidizing gas; reaction conditions included a reaction temperature of 165°, normal pressuse, 8 feed rete 


a ie 

i 


TABLE $3 


Found Calculsted 


B.p.. “C/ mm hydroxyl | hyd 
number jon 


81--82°/1 321 329 
99—101°/4 280 283 
419—121°/4 240 243 


of oxidizing gas of 1000 Iters/ kg «hour, and a rua 


Alcoho! contents, mole % tine of four hours, Boric acid was added in ap 
Alcobols _ amount of 5%, 
primary secondary 


The oxidation was carried out in an apparatus 
which we have previously described 1} 


2.7 97.3 

At the conclusion of an experiment, the oxie- 
date was washed with hot water and analyzed, Chare 
CysH30 1.5 98.5 acteristics of the oxidates are presented in Table 2, 


TABLE & 


Found % 


n” 
Hydrocarbons *C/mm D 


Hydrocarbon cbtained from alcohols 99-100°/1 | 1.4532 85.62 
n-Nonylcyclohexane 99°/1 1.4530 85.59 


The data presented above show that, under the conditions used, the major products of the oxidation of naph- 
thenic hydrocarbons are alcohols, 


The oxidate was saponified with water to decompose the boric acid esters so that the alcohols could be fso- 
lated, The unreacted hydrocarbons were separated from the oxygen-containing compounds by chromatography over 
ASK grade silica gel. Methanol and a petroleum ether boiling up to 60°. were used as eluting liquids, Esters were 
saponified with potassium hydroxide, The alcohols were freed of ketones through the boric acid esters, The bi- 
functional compounds, which were formed in very small amounts during the oxidation, were separated by chromae 
tography. The eluting liquids were benzene (at 60°) and methanol (at 20°), The pure alcohols were vacuum dis- 
tilled. The characterisucs of the alcohols obtained are presented in Table 3, 


The amounts of the primary and secondary alcohols present in the alcohol fractions were Sotemmined [4} 
The analytical results are presented in Table 4, 


In order to determine whether oxidation of the above-indicated hydrocarbons was accompanied by destruce 
tion of the molecules, the alcohols separated from the products of the oxidation of n-nonylcyclohexane were de= 
hydrated over anhydrous aluminum oxide at a temperature of 270°; the reaction was carried out under vacuum, 

The resulting unsaturated hydrocarbons had an iodine number of 120 (calculated for Cy,Hy s 122), These hydro= 
carbons were hydrogenated in a medium of normal heptane in the presence of Raney nickel catalyst under a hydro= 
gen pressure of 30 atn and at a temperature of 180°; the n-heptane was removed from the hydrogenation prodscs 
by vacuum distillation, The characterisucs of the hydrocarbon ebesines am the alcohols are compared in Table 
5 with those of the original n-nonylcyclohexane, 


- 


°A description of our method for the separation of bifuncilonal compounds will be published In the neas future, 


i 
{ 
H 
14.38 
14.33 


—_— 


. 


The data of Table 5 show that these hydrocarbons were identical, 


Thus, alcohols are formed during the oxidation of naphthenes having side chains of normal structure in the 
presence of boric acid under the conditions used in the present work, The oxidation proceeds without destruction 
of the molecules of the tubstance oxidized, The resuiting alcohols are chiefly secondary alcohols having the same 


-, number of carbon atoms in the molecule as the original hydrocarbon, 


[1) A. N. Bashkiroy, Khim, Nauka 4 Prom, 1, 3, 273 (1958). 
(2) A. N. Bashkfrov.and Shimon Pal, Doklady Akad, Nauk SSSR, 128 No, 6 aed 

[3] W. Schlenk, Ann, 573, 142 (1951). 

[4] A. N. Bashkirov, V. V. Kamzolkin et al,, Khim, 1 Tekhnol, Topliva 1 Masel 4, 7 (1957). 
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CIS-TRANS ISOMERIZATION OF NATURAL RUBBER 
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April, 1960 


Original article submitted October 26, 1959 
We have previously established that organoalurninum compounds and titanium tetrachloride cause fsomerle 
zation of the cis-units of natural rubber to trans-units [1}. The process of isomerization under the influence of 
these compounds proceeds at an appreciable rate even at room temperature, The present communication reports 
the results of an investigation of cis-trans {somerization of natural rubber under the influence of hydrogen chloride 
and of ethylaluminum dichloride, A number of researches have shed light on the we effect of hydrogen 
chloride on unsaturated acids and stilbene (2-7}, 


Isomerization of a 2% Solution of Natural Rubber in Benzene 


Catalyst | +, emp. Structure of chain, 


Catalyst 1,4-cis |1,4-trans} 3.4 


ie 


A1(GH,) Cl, 
The samé 
The same 
The tame 
(ary) 
The same 
The same 


We investigated the action of dry hydrogen chloride and of ethylaluminum dichloride on benzene solutions 
of natural rubber under the conditions described previously [1], The hydrogen chloride was introduced fn the form 
of a saturated solution in benzene, During the investigation of the action of hydrogen chloride, the unsaturation, 
the chloride content of the polymer chain, and the microstructure were determined for each sample, The micro= 
structures were characterized by means of infrared absorption spectra, As in our previously reported work [1], the 
quantitative content of cis- and trans-units was determined from the band at 640 cm™ » the intensity and contour 
of which differ substantially between natural rubber and gutta percha, 


In addition, these results were confirmed qualitatively by means of other bants of the spectrum aetna 
and 1300-1330 cm”4y,¢ 


© The poutbility of using the band at 1300-1330 cm! was noted in an article recently published by M, A. Golub 
{9}, who investigated the lsomerization of natural rubber and gutta percha undes the influence of selenium at teme 
perature of 180-200°, 
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Fig. 1. Degree of isomerization of the 
polymer and amount of HCl added as 
functions af the duration of the process 
at 30° and a weight ratio of HCl to mb- 
ber of 1. 1) Content of double bonds 

in percent of uicoretical; 2) amount 
of trans-units in percentof total double 
bond content; 3) amount of HCl added 
in percent of theoretical, 


% 


aaa 


Fig. 2. Effect of temperatureon 
erization of the polymez and on the 
addition of hydrogen chloride (reace 
tion time, 15 hours; weight ratio of 
HCl to rubber, 1), 1) Amount of trans- 
units In percent of total double bonds; 
2) chlorine content of polymer, 


- 


Owing to the partial lowering of the unsaturation of the 
polymer due to the addition of HCl, the relative content of 
units in each of the two configurations was calculated in percest 
of the double bonds remaining in the polymer, 


The experimental results are presented in the table and fn 


_ Figs, 1 and 2, It must be rernarked that the data presented on the 


relative content of cis- and trans-units give only a qualitative 
picture of the process, since an appreciable decrease in the ace 
curacy of the spectroscopic determinations accompantfes the de= 
ctease in unsaturation of the polymer, Owing to the limited 
solubility of the polymer, it was not always possible to compen= 
sate for the decrease in double bonds by a corresponding increase 
in the concentation of the polymer in the soluticns investigated, 
It follows from the data presented in the table that ethylaluminum 
dichloride and hydrogen chloride have an {somerizing effect oa 
the polymer chain of natural rubber, and the amount of vam- 
units increases with an increase in the concentration of isomeriz= 
ing agent, 
In both cases, the isomerization process was accompanied 
by a significant decrease in the unsaturation of the polymer 
chain. In the case of ethyialuminum dichloride, which { anef 
fective cationic catalyst in polymerization processes, the decrease 
in unsaturation was apparently connected mainly with an ioma- 
molecular cyclization process [8}, 


In the case of hydrogen chloride, the decrease in unsatura- 
tion was associated only with the addition of hydrogen chloride 
to double bonds, as is Dlustrated by the data presented in Fig. 1. 
The amounts of HCl added corresponds to the decrease in chain 
unsaturation, 


With an increase in reaction time, the unsaturation con= 
tinuously decreased (curve 1), the relative content of trans-unis 
increased (curve 2), and the chlorine content of the polymer con- 
tinuously increased (curve 3). As Fig. 2 shows, the chain-lsomeri- 
zation and HCl-zddition processes began to take place at a teme- 
perature of minus 70°, and they were strongly accelerated by am 
increase in temperature, At a temperature of 60°, the content 
of double bonds plus the double bonds saturated by addition of 
hydrogen chloride totaled only 82% of the total double bonds re= 


quired by theory; this was appaready due to the develcpment of cyclization processes, 


The definite correspondence between the cis-trans isomerization processes and the addition of hydrogea 
chloride is in agreement with the scheme of the process presented earlier [1}, 


Other experiments carried out by us showed that cis-pclybutadiene does not {somerize appreciably under 
the conditions indicated, The high sensitivity of cis-polyisoprene toward isomerization under the influence of 
fonic catalysts is probably connected with the branched structue of the units, The fact that stereospecific tyn= 
thesis of cis-polyisoprene is accomplished considerably more — than is that of cis-polybutadiene is due to this 


Original Rustian pagination, See C, B, Trentlation, 
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There are currently known 11 natural lignans which are derivatives of 2,6-diphenyl-3,7-dioxabicyclo= 
[3,3,0}-octane, namely: pinoresinol,(+)~,(-)~ and (+ )-sesamin, (+)- and (—)-asarinin, eudesmin, symplocosin, phile 
lyrin, lirlodendrin, and gmelinol [1-3}, Structural formulas (1a)-({th) have comparatively recently been established 
for all of these compounds, and many stereochemically Important transformations have been studied, but the steric 
structures (particularly the absolute configurations) have been only partially elucidated, This situation has been. 
brought about by the absence of a critical analysis of the isolated sets of experimental data avaflable in the literae 
ture, although, as will be shown below, it is possible rather eas{ly to develop complete steric formulas for the mae 
jority of lignans of this group on the basis of the available material, 


(la) pinoresinol: X =H, R?'= R* = R‘=H, Me: 

(Ib) sesamin: X H, R?=H," R* + Ro Ke 
(Ic) asarinin: X =H, R' =H, R?-+ = R?+ 
(Id) eudesmin; X =H, R'=H, 
(Ie) X =H, R'=H, R* =H, R*?= Me, Row Be 
(If) phillyrim  X =H, R'=H, R*?= = Me, = Peglucosy 
(Ig) liriodendrin; . X =H, R? = R* = Me, Rt = R¢ = B-glucosyl 
{th) gmelinol:; X = OH, R' =H, R* = Rt Me, 


All of the compounds of this series have cis-attachment of the tetrahydrofuran rings. This follows from the 
fact that optically active dilactones of dihydroxymethylsuccinic acid (and not the corresponding meso-compounds) 
are formed during cleavage by nitric acid of the optically active natural lignans and a number of thelr derivatives 
[2-6}. It should also be noted that the corresponding trans compounds must be highly strained and, apparently, 
not be formed [7}, Considering this cis-attachment, it is possible for three relative configurations (II), (I), and 
(IV) of the 2,6-diaryl substituted derivatives under consideration to exist, 


1 | 
| | 
‘ 
| 
i 
; 
mii 


he 


Earlier, in considering the question of the symmetry of certain of these compounds, {t was concluded that 
pinoresinol and sesamin possess an axis of symmetry of the second order, and the aglucon of phillyrin (philygenol) 
must be unsymmetrical, as a consequence of which it is necessary to assign to it (and therefore, to the glucoside 
itself) the relative configuration (II) [2, 5,6, 8-10} At the same time a study of the compositions of equilibrium 
mixtures formed during epimerization of (+)-sesamin and (~)-asgrinin [11] led to the conclusion that sesamia 
has the relative configuzation (IL) and that asarinin has the configuration (II), The relative configurations of the 
remaining compounds of this group have not been elucidated up to the present writing, 


Since it {s known that the methyl ether of phillygenol {s the optical ant{pode of the dimethyl ether of sym= 
plocosigenol (the aglucon of symplocosin) [12-14] and that eudesmin fs the optical antipode of the dimethyl ether 
of pinoresinol (8, 13-15), it may be asserted that symplocosigenol and symplocosin have the unsymmetrical struce 
ture (II), while eudesmin has a symmewical structure similar to that of pinoresinol, y 


Vigorous hydrolysis of the methylenedioxy group of (+)-sesamin and subsequent methylation leads to the fore 
mation of a mixture of the dimethyl ether of pinoresinol and the methyl ether of phillygenol [13, 14, 16}, A mize 
ture of eudesmin and the dimethyl ether of symplocosigenol has been obtained by a similar route from (—)-aserinia 
(13, 14}. Similar mixtures of two isomers are formed during epimerization (under the influence of zlcoholic HCl) 
of the methyl ethers of phillygenol or the dimethyl ethers of pinoresinol and symplocosigenol (9, 14, 16,17}. The 
fact that a third pair of {fsomerss was not observed in these mixtures may be considered as evidence of the Instabile 
ity of the latter, which would be expected from compounds of the type of (IV). Consequently, the remaining tym= 
mewical structure (LI) must be assigned to pinoresinol and eudesmin, : 


Similarly, in considering the results of the acid hydzolysis of lirlodendrin it should be noted that in this case 


there !s obtained a mixture of two aglucons isomeric to the aglucon formed during enzymic hydrolysis (Iirioresinol 


C) [3} the latter is evidently the unstable isomer, Siace data [3] on the molar rotation of the corresponding de= 
rivatives show that one of the aglucons formed during acid hydrolysis of liriodendrin (lrioresinol A) corresponds fo 
configuation to phillygenol and the other (lirioresinol B) corresponds to pinoresinol, iirforesinol C and liricdendrin 
possess configuration (IV). 


Data oc the configuration of gmelinol are less definite, but a series of assumptions fs available, Thus, the 
probable strain or even the impossibility of the existence of the corresponding trans-attached bicyclic systems and 
also the almost complete identity of the u.v. spectra of gmelinol and the dimethyl ether of pinoresinol [18] make 
it reasonable to assume that gmelinol has a cis-configuration of the dioxabicyclooctance nucleus, The fact that 
during epimerization of gmelinol, the mixture contains only two of the three possible lsomers — gmelinol and 
fsogmelinol — (18, 19] makes {t possible to assert that gmelinol cannot have an unstable configuration of the type 
of (IV). Selection between the remaining possible configurations, types (II) and (II]), can be made indirectly oa 
the basis that fsogmelinol, in contrast to gmelinol, cannot form derivatives at the tertiary hydroxyl [20}. This 
may be taken as evidence of steric hindrance in the case of isogmelinol; hence structure (Va) of (Vb) may be pro=- 


posed fer gmelinol, 
: 
(Va) Ce (Vb» 


The conclusions to be found in the Mterature and thote made by us concerning the relative configurations 
of natural compounds of the group be extended to consider 
ation of their absolute configurations, It is well known that the (~)-d!ol (VI) is formed during catalytic bydroe 
genation of the dimethyl ether of pinoresinol Ju the presence of Pd and that tis diol can be converted to the die 
methyl ether of (-)-dihydroguataretic acid (Via) [21]. Consequently, the two asymmetric centers of ths lanez 
costespond to centers 1 and & in pinoresinol, The absolute configuration of ether (Via) can be deduced on the basis 


- 


of the fact that it {s formed (together with the corresponding meso-compound) upon reduction of the ether of (j= 
gualaretic acid (VII) [22), the configuration of the only asymmetric atom of which was recently established [23}, 
Knowing the relative configuration of all of the centers of pinoresinol, formula (IIa) may be selected as represent 
ing its absolute configuration, and pinoresinol may be described in conventional symbols [24] as (1R, 2S, 5R, 6S)- 
2,6-diaryl-3,7-dioxabicyclo-[3,3,0}-octane.(+)-Sesamin also has this same configuration (Ila), but (—}-sesamin _ 
and eudesmin (the optical antipode of the dimethyl ether of se must have the antipodal (18, 2R, 5S,6R) 


configuration (IIb). 
“ick 
MP 
(VIa) mo 
(Vib) 


(+)-Asarinin differs from (+)-sesamin configuration only at one center, C3; therefore, its absolute configurae 
tion, as well as the configuration of phillytin, can be described as (1R, 2R, 5R, 6S) and represented by formula (Ila). 
In conformity with this, (—)-asarinin and symplocosin must have the (1S, 2S, 5S, 6R) configuration (IIb), Since the 
configuration of the C, and Cg atoms of liriodendrin must be the same as tn pinoresinol, the (1R, 2R, 5R, 6R) con= 
figuration represented by forraula (IVa) can be assigned to it, Finally, we feel that the (1S, 2S,5R, 6R) configurae 
tion (Va) may be proposed for gmelinol, This proposal is based on the fact that gmelinol,fsogmelinol, and a nume 
ber of their desivatives are dexorotatory [18, 20]. The lignans described above and their derivatives, which have 
structures (Ila) and (Iila),are also dextrorotatory, which suggests that the 1 and 5 centers of gmelinol have a similar 
configuration; hence, formula (Va) canbe assigned to gmelinol, Actually, this proposal is not in good agreement 
with data on the shift of the optical rotauion of certain derivatives of gmelinol and isogmelinol 18}. 


On the basis of our analysis of the experimental data, it may be considered that the absolute configurations 
of pinoresinol, (+)- and (—)-asarinins, (+)- and (~)-sesamins, eudesmin, and symplocosigenol have been demon- 
stated, The absolute configuration of lirlodendrin can be assumed with a high degree of reliability, Since in the 
case of gmel{nol the relative configuration has not been strictly proved, our proposed absolute configuration is con= 
Jectural to some extent. Finally, the absolute configurations of phillyrin and symplocosin can be described only in 
general forms — by formulas (Ia) and (IIb), respectively — since these lignans have nonequivalent ary! radicals, the 
positions of which have not been established, However, the case of symplocosin is somewhat simplified by the fact 


that il radicals fs gluon ae and comequeny, te abil of he 
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EQUILIBRIUM DIAGRAM OF THE TERNARY SYSTEM TI-Al-Sa 
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Alumin and tin are important components of titanium alloys, Certain alloy compositions distinguished by 
high thermal stability have been developed on the basis of alpha solid solutions in the ternary system TI-Al—Sa 
[1} Hower, we were unable to find in the llterature any data regarding the equilibrium diagram of the ternary 


Fig. 1. phase diagram at 600°, 


The alm of the present work was the study of the equilibrium of alloys of the ternary system Ti~Al~—Sn in 
the region bounded by the partial ternary system Ti-Ti,Sn—-TiAl, Consideration of the binary systems composing 
this ternary system (Ti-A) and Ti-Sn) shows that Limited solid solutions based on a-titanium are formed in these 
tystems by # peritectoid reaction between the B-phase of titanium and the y-phase (which i based on the come 
pound TiAl) at 1240° in the Ti~Al system and between the S-phase of titanium and the 6 -phase (which fs based | 

-on the compourd Ti,Sn) at 890° in the system Ti-Sa, respectively, 


Met, 


There have recently appeared in the Literature a series of 
papers reporting studies of the equilibriura diagram of the system 
TI—Al [2-S} these papers reported data concerning the possible 
existence of new compounds (T1,Al and Ti,Al) in the region of 
alpha solid solution, which, according to reference [6], was orgine 
ally considered to extend to a concentation of about 25% Al, 

In conformity with the available literature data [3,4] it may be 
assumed that in the system Ti—Al there exists an ordered Ti,Al 
phase, which probably has a large region of homogeneiry (12- 
25% Al) with the same alstribution of atoms as in the ordered 
Ti,Sn phase in the system Ti-Sn [7] Miccostructural and x-ray 
methods of investigation were used in the present work, and the 
hardness of the alloys was also studied, The alloys weze prepared 
by fusion in an arc furnace with an unconsumable electrode, 
Titanium produced by the fodide method and by reduction at 
high temperature with magnesium (TG-00 grade) was used; 99.99% 
pure aluminum and 99.9% pure tin were used, Since equilibrium 
is reached very slowly in the system Ti-Al—Sn when undeformed 
samples are used, all of the alloys (with the exception of alloys 
of cast sections Ti;Sa—TiAl and through 20% Al) were forged. 

In this manner, our aim of accelerating the process of obtaining 


Fig. 2, Microstructures of alloys, 200 x; ‘ 
2) 18% Sn, 10% AL 0(5 )-phase; b) 27% the alloys in the equilibrium siate was achieved, 
$n, 2.5% Al (a +5 )-phase, The alloys were subjected to the following stepwise heat 


treatment under vacuum: homogenization at 1200° fce 100 hours 
and annealing at 1100° for 50 hours, 1000° for 200 hours, 800° for 300 hours, 600° for 500 hours and subsequent coole 
ing in the furnace, Alloys of the section Ti,;Sn—TiAl were annealed for a longer time in accordance with the 
regime: 1000° for 500 hours, 800° for 1000 hours, 600° for 1200 hours, and subsequent slow cooling to room teme- 
perature, The majority of the cast alloys studied were found to have a lamellar of needle structure of the alpha 
phase. The phase diagram of that part of the TI-Al—Sn system studied was constructed toe a tempezature of 600° 
using the data from the microstructural and x-ray investigations (Fig. 1). 


As a result of these investigations, the presence in the Ti-Al~Sn system of the following phases has been 
established: 
1) a solid solution of aluminum and tin in a-titanium (a), 


2) a solid solution based on the chemical compound TiAl (y}: 


3) continuous solid solutions of the and Ti,Sn, which in structure to oF 
-phases; 
4) a solid solution based on the chemical compound Ti,Sn (5), 


That part of the Ti-Al—Sn phase diagram studied, which corresponds to an isothermal section at 600° Soe 
annealed alloys, is presented in Fig. 1, As may be seen from Fig. 1, the major part of the diagram fs occerpied 
by the single-phase region of the ternary o(5 )-solid solution based on titanium and the quasibinary section 
Ti,Al~Ti,Sn, One fact which merits attention {s that in the annealed samples all alloys of the sections Ti,Al— 
Ti,Sn and through 22% Al have a single-phase solid solution with a polyhedral structure (Fig, 2,8), which cous 
firms the existence of continuous solid solutions between these two compounds, The x-ray patterns of annezled 
alloys of these sections were identical for all of the alloys studied, and they did not have any Lines other than those 
characteristic of a- or 8-phases, The formation in the annealed samples of continuous solid solutions between the 
5 «phase (based on Ti,Sn) and the homogencous a-phase of the system Ti-Al can most probably be explained by 
the possible presence in this system of an ordered Ti,Al phase isomorphic with Ti,Sn, The chemical behaviors of 
these compounds of aluminum and tin with titanium have much in common, The compounds Ti,Al and T!,Sn have 
{somorphic crystal structures, and, apparently, the same type of chemical bond is involved; consequenuly, all of 
the conditions required for the formation of continuous solid solutions between the compounds Ti,Al and Ti,Sa 


| 


. 


A consideration of the equilibrium diagram of the Ti-A1l—Sn system at 600° shows that the a{5 )-solid solue 
tions occupy a large region of the concentration triangle (see Fig. 1). 


In view of the possible formation of continuous solid soluvions between a-titanium and Ti,Sa [8}, elloys 
having a two-phase structure, a + & (Fig. 2,6), were subjected to additional annealing at 800° for 1000 hours, 
This thermal weatment led to a certain change in the microstructure of these alloys. Thus, undez the given cone 
ditions for attaining the equilibrium state (annealing regime indicated above), the presence In the equilibrium 
diagram of a two-phase system, a+ 6, lying toward the Ti~Sn side is character!stic (Fig. 1). 


The boundaries of the gamma region (based on the compound TiAl) in the ternary system T1~Al—So were 
also established by means of the microstructural and x-ray phase investigations, As may be seen from the diagram, 
the region of the y~solid solution extends over a considerable portion of the diagram (up to about 18% Sn), The 
remaining part of the equilibrium diagram fs occupied by the two-phase region a¢ 8, 
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While the phenomena of coprecipitation and cocrystallization have undergone considerable investigation, 
little study has been made of coextaction of elements, Only isolated facts relating to this phenomenon are known, 


TABLE 1 Owing to the absence of a solid phase, adsorp- 
tion does not occur during extraction, though adsorp- 
Effect of Dilution on the Extraction of Tungsten and tion dues lie at the foundation on which many 
Molybdenuin by Aniline (pH of the aqueous phase instances of coprecipitation and cocrystallizadon 
after extraction 4.3-4.5) rest, In the case of extraction, processes similar to 
adsorption can proceed only at the interface between 
. the phases; however, such processes proceed only to 
— a slight extent, 


Coextaction takes place by a different inech= 
10,000 anism; probably the most important difference is the 
1000 formation of mixed compounds, 


100 Coextraction is sometimes associated with con= 
version of the element to a compound which is more 
10 readily extracted than is the original compound, It 

1 is a known fact that coexaction of pentavalent vae 

nadium with tungsten and phosphorus fs a consequence 

of the readily extractable mixed phosphotungsto= 
molybdic heteropoly acid [1}. The ease with which this compound is formed permits its use for the colorimetric 
determination of small amouns of vanadium [2], 


In a number of other cases, described in the Hterature, in which there is a substantial increase in the exe 
taction of elements in the nonaqueous solvent, the formation of new, readily extractable compounds is less evie 
dent. The increase in the extractability of ruthenium by a benzene solution of butyric acid after the addition of 
copper [3] or by methyl {sopropyl ketone after the introduction of lead [4) may be cited as examples, Other cases 
of coextaction in which the mechanism is not clear have also been described [5-7], 


A clear-cut example of coextraction by a mechanism involving formation of mixed compounds: hss Leca 
obtserved by the authors during an investigation of tungsten and molybdenum exuaction from a HCl medium by 
aniline, In this case, the tungsten and molybdenum were extracted by the so-called onium mechanism (3) in the 
form of aniline polytungstates or polymolybdates, the anions of which were formed during acidification of the 


: 


TABLE 2 


Effect of the Presence of Molybdenum and Vanadium on the Distribution Coefficients of 
Tungsten (the values shown are averages of two determinations) 


W distribution coefficients 
Concentra- 


don of 


without with with VY 
addition 500 y/mt | 250 y/mi | s00y/mt | 250 mi 


1.0 9.0 38 
0.1 5.0 - 
0.01 25 
0.001 1.3 


TABLE 8 
Coexuraction of Niobium with Tungsten and Vanadium at 29° 


Nb distribution coefficients 
Nb concen- 


tation, y/ml without with addition of 500y/ml 


addition w vv 


5.2 330 
5.0 


0.87 


soluble tungstates and molybdates, When, after acidification of the tungstate and molybdate solutions, dilution of 
these elements is sufficiently high, the required polyanions are not formed, and, therefore, the extraction of either 
tungsten or molybdenum from dilute solutions is less effective than from more concentrated solutions, After acid- 
ification of an aqueous solution of sodium tungstate or molybdate with hydrochloric acid to an acidity of 1.5 N 
and agitation with an equal volume of aniline, the tungsten ot molybdenum passes into the aniline layer, the dis= — 
tribution coefficient rapidly decreasing with a decrease in the concentration of the tungsten or molybdenum 

(Table 1). But, if to a dilute solution of an alkali metal tungstate is added not too small an amount of a molyb- 
date or vanadate and the entire mixture is then acidified with hydrochloric acid to the same acidity (1.5 N), the 
distributicn cocfficients of the tungsten are substantially increased, The resuls of a carried out with 
w!* or W'™ are presented in Table 2.° 


Ir is evident that tungstates form mixed polyanions with wanine or vanadates and that the tungsten fs 
extracted in the form of these mixed polyanions, The tendency of these element to form mixed compounds & 
evident from the existence of well-known mixed heteropoly acids [9}, 


Coextraction of this type is possible not only with tungsten, but also with other elements which have a ten= 
dency to form oxy-oxo ions, sometimes called “polymers® in the literamre, Thus, niobium can be coextracted 
with tungsten and also with vanadium, During extraction with aniline, the distribution coefficients of niobium 
are small when the niobium concentration is low, and they also decrease with a decrease in nloblum concentras 
ton, But, if a coextraction element {s introduced Into the alkaline niobate solution and the entire mixture is 


© Experiments with a tungsten concentration of 1,0 y/ ml and higher were carried out with w'S, while wane: 
ments with lower concentrations were carried out with 


| 
4670 29 
| 
295 
| | 
j 
1.0 31 
{ 35 
0.01 0.45 280 2 
i 


TABLE 4 


_ Exuaction of W and Mo with Aromatic Amines from 0.05 N Solutions of © 
Na Tungstate and Molybdate Acidified with HCl to an Acidity of 0.SN 


Distrfbution coefficient 


Amine w Mo 


Aniline 
me Toluidine 


90 
130. 


p-Xylidine 1000 300 
m-Xylidine 815 240 
a-Naphthylamine 625 225 


then acidified, the distribution coefficients increase sharply, Table 3 presents the results of comparative experi- 
ments, An alkaline solution of sodium tungstate or vandate was added to an alkaline soluuion of potassium niobate 
with Nb™, carrler-free grade, and the mixture was carefully agitated, acidified with hydrochloric acid to an acidity 


of 1.5 N and then exwacted with au equal volume of aniline, ® 


The cases of coextraction which have been considered here in detail can be of interest: 1) for the purpose of 
concentrating the respective elements from dilute solutions during analytical determinations, since the extraction 
can be quite selective; 2) for investigating the ability of elements to form mixed polynuclear oxy-oxo jons and 
other mixed molecules whjch have not been sufficiently studied, 


We should emphasize that in carrying out experiments like those described, it {fs mguinen to use substances 
which, like aniline, form cations with an average, not too large ionic weight, If amines or other cation-forming 
compounds with too high a molecular weight are used (methyl violet, for example) then,owing tc their ability to 
extract “inonomeric® tungstate fons, cases of coextraction like those considered are less clearly observed, 


The inab{lity of aniline to extract tungsten in the form of the normal aniline tungstate Is shown by the lack 
of extraction of tungsten during extraction of unacidified sodium tungstate solutions, The possibility that the ab- 
sence of extraction from unacidified solutions could be due to an insufficient concenuation of anilinium cations 
under these conditions is negated by the results of experiment with benzylamine as the extractant, 


The molecular weight of benzylamine, CgHsCH,NH; (mol, wt. 107) does not differ greatly from that of 
aniline, CgH;NH (mol, wt. 93), but it is more strongly basic than aniline, The dissociation constants for anfline 
and benzylamine at 25° are, respectively, 4.0°107!* and 2.4-10°5; benzylamine is miscible with water, Ir is 
easily calculated that, for example, in a 50% solution of benzylamine in a medium with a pH of 9.5 the concen= 
tration of benzylamine cations will be of the order of 3.5 moles/liter, as compared to a tungsten concenmatioa 
of 3°10? mole/liter, Nevertheless, neither benzylamine containing.10% dibenzylamine nor it 1:1 mixture with 
aniline extracts tungsten from unacidified solucions of sodium tungstate with a pH of 9.5 (after extraction), Ata 
tungsten concentration of 1 mg/ml, the distribution coefficient of tungsten {fs less than 0.01 in both cases, 


Exuraction and coextaction of tungsten and molybdenum does not occur only with aniline, Benzylamins 
and its mixture with dibenzylamine are not suitable for this purpose, since an amine phase cannot exist in equie 
Librium with a medium with a pH of 4.2-4,5, Amines with less basic properties ~ meta-toluene K™ « 6,5 
p-xylidine (K™ = 9,6°10°", mexylidine (K™ = 6,3°107"), dilute c-naphthylamine (m.p. 50°, K 
= 9,9°107"') and the like — extract tungsten ot molybdenum just as aniline does (Table 4), 


The cases of coextraction of tungsten and niobium which have been considered here are of practical interest, 
since they indicate the possibility of increasing the extractability of these elements from dilute solutions, and since 


- they can no doubt be extended to # number of other elements, Many elements are capable of forming polynuclear 


oxy-oxo fons, and many elements can be coextracted if the experiment 4s appropriately designed, AU such casas 
of cocxuaction proceed by a mechanism involving the formation of mixed compounds, 


il 

| 
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The Mterature contains references to cases of relatively small increases in the extractabllity of certain ele 
ments when large amount of other readily extractable elements are introduced into the solutfors, Thus, it has 
been noted that Cs, Ca, Sr, and La, for example, are less readily extracted by methyl butyl ketone from solutions 
which do not contain uranyl nitrate than from solutions containing uranyl nitratewhich is very readily extractable {5} 


It is difficult to say whether the Increase in extractability of these elements upon the addition of uranyl 
nitrate {s 2 cousequence of true coexuaction or whether It {s due to other causes, 
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In a letter to the editor of another publication [1), we reported on the reaction between diborane and mere 
captans, We have now investigated the reaction between diborane and n-propyl mercaptan and o-butyl mercaptan 
in ether solution at room temperature and with different reactant ratios, 


When an excess of the mercaptan {fs used, the major reaction product is a ietraalkylimercaptod{fborane; 


+ 4RSH — (RS); BHBH + 4Hg, 
R=n-GH, 


These compounds are distinguished by their considerable stability, They remain unchanged during prolonged 
storage, and they can be distilled under vecuum, It is interesting that the tetraalkylmercaptodiboranes distill fo 
the form of extremely viscous liquids which again become mobile after a few hours, Cryoscopic determination 

of the molecular weight gives a value approximately two-thirds that of the molecular weight of the dimeric focm 
of the dialkylmercaptoborane, It is evident that our alkylmercapto derivatives of diborane undergo partial dissoci- 
ation in benzene solution, When the reaction between diborane and n-butyl mercaptan is carried out at a mole 
ratio of diborane to mercaptan of 1:2, significantly less tetra-n-butylmercaptod iborane {s obtained, and the major 
product is di-n-butylmercaptodibcrane, C,HsSBH,BH,SC,H,. This compound is unstable, and even on standing at 
room temperature it symmetrizes to ciborane and tetra-n-butylmercaptan, In identifying the di-n-butylmercapto= 
diborane, we made use of its ability toreact with olefins at room ees with the formation of oy es 


ters of dialkylborinic acids; 


By passing propylene into the reaction mixture obtained from the interaction of diborane ané n-butylmere 
captan (reactant ratio of 1: 2) we obtained: wi-n-propylboron (8%), which was formed from the unreacted diborane; 
the n-butyl ester of di-n-propylthioborinic acid (40%); and tetra-n-butylmercaptodiborane (24%), which docs not 
react with propylene under the conditions used. When propylene was passed into a reaction mixture which hed 
been allowed to stand overnight, more ti-n-propylboron (18%) and tetra-n-butylmertaptod {borane (37%) were 
tained, while the amount of n-butyl ester of di-n-propylthioborinic acid formed was very small (5%). 


It was also found to be possible to prepare di-n-butylmercaptodiborane by the action uf diborane on tetra-ne 
butylmercaptodiborane; however, the yield was very small, since an equilibrium, which may be expressed by the 
equation below, i established between the initial reactants and the reaction productyy 


BHBIE + Bally SEH BH SG Hoe 


I 
1.4 
{ 
{ 
| | 
| 


It should be remarked that Burg and Wagner [2] obtained a polymer of the composition (CH,SBH,), by the 
vapor phase reaction between diborane and methyl mercaptan, Tetraalkylmercaptodiboranes have very interesting 
chemical properties, The hydrogen atoms in these compounds are significantly less reactive than those in diborane, 
This ts indicated primarily by the fact that the tialkyl thloborate is not formed under conditions under which these 
compounds are synthesized in the presence of a large excess of mercaptan, The reaction of a tetraalkylmercapto= 


diborane with a mercaptan begins at 50-60°, and proceeds peaty at the boiling _ of the mercaptan, The 
reaction yields the trialkylthioborate; 


[(RS)3 BH); 4+-2 RSH ~2(RS)s B-+2H;, R = n-C,H), 


Hydrogen {s not evolved when tetra-n-butylmercaptodiborane {s treated with elcohol at room tempezature, 
N-trialkylborazoles were obtained by the action of primary amines (ethylamine, n-butylemine) on tetra~n-butyl~ 
mercaptodiborane under the same condidions, 


Apparently, a complex (1) of the corresponding dialkylmezcaptoborane with the amine 4s formed in the first 
stage of the process, and this {s converted into an alkylmercaptoalkylaiminoborane (II) by the elimination of a 
molecule of mercaptan, Mercaptaa {s then eliminated from the latter with the formation of the N-alkylborazole; 


BH +(C,H,SH, 


(m) 
BH 


nH” 
Nur 


The high strength of the B—H bond in tetraalkylmercaptodiboranes appears in reactions with olefins, We 


were unable to carry out the addition of tetra-n-butylmercaptodiborane to olefinic epinaaanaie by heating the 
reactans at 70° in the presence of pyridine, 


EXPERIMENTAL 


All operations with organoboron compounds were carried out in an atmosphere of nitrogen, Diborane was 
synthesized in 80-85% yield from boron trifluoride etherate and lithiurn aluminum hydride [3}, 


1, Tetra-n-butylmercaptodiborane, A solution of 40.5 g (0.45 mole) of n-butyl mercaptan in 50 ml of 
absolute ether was charged to a three-neck Mask fitted with a stirrer with mercury seal, a gas inlet tube, and a ree 
flux condenser, Diborane was passed into the reaction mixture at room temperature for two hours, whereupon 
heat was evolved, and the mixture became viscous, On the following day, the ether was evaporated under watere 
aspirator vacuum, and the residue was distilled, This yielded 15.7 g of tetra-n-butylmercaptodibocane with b.p. 


of 98-103" at 2 mm, The yleld was 75%, After an additional distillation, the material had a b.p, of 89-90° 
at 1 mm, d% 0.9561; n™p 1.5170, 


Found C 50.58, 50,45; H 10.30, 10,38; B 5.81, 5.54 Calculated C 50.52 110.07 B5.68 
. Molecular weight 256 and 258°; calculated. $80, 


During distillation of the tetra-n-butylmercaptodiborane, 2.1 g of & itquid beni content 9.29%) was cole 


lected in a wap cooled to this material was probably # mixture of boron having a low of 


The molecular weight was determined cryoscopically in benzens, 


2, Tetra-n-propylmercaptodiborane, In a sim{lar manner, from 34.3 g (0.45 mole) of n-propyl mercaptag 
and 0.55 rnole of diborane was obtained 10.0 g (56%) of 93-95° at 4mm, 
0.9809; n 5285, 


Found %& C 44.37; 44.67; H 9.52; 9.54; B 6.24, H 9.33; B 6.67 
Molecular weight: found, 239, 237; calculated, 324, 


3. Interaction of Diborane and n-Butyl Mercaptan at a Ratfo of 1:2, The experiment was carried out simile 
arly to the preparaticn of tetra-n-butylmercaptodiborane, A total of 0.07 mole of diborane was passed, over & 
period of four hours, into a solution of 12.6 g (0.14 mole) of n-butyl mercaptan in 75 ml of absolute ether. After 
the unreacted gaseous diborane has been purged from the flask with nitrogen, 2 slow stream of propylene was passed 
into the reaction mixture for two.hours, The reaction with propylene was exothermic, The ether was distilled 
under water-aspirator vacuuin, and the residue was subjected to fractional distillation, The following fractions 
were obtained: 1) 48-50° at 11 mm, 1.5 g; 2) 64-70° at 2 mm, 10.4 g; 3) 98-105° at 2mm, 6.4 g. During dis- 
tllation of the latter fraction, 0.6 g of material (boron content, 10.11%) was collected in a trap cooled to —70°, 


The first fraction was wl-n-propylboron, The yield was 7.9%, calculated on the diborane takea for the ree 
action; n®*D 1.4100 (Iiterature b.p. 62°/ 20 mm, n™*D 1.4135 [4]. The second fraction was the n-butyl ester of 
di-n-propylthioborinic acid; the yield was 0.056 mole (40%),n™D 1.4563 (Literature b.p. 98°/11 mm, 1.4598 
(5). The third fraction was the yield was 0,017 mole (24%) n”D 1.5150, 


4, Interaction of Diborane and Tetra-n-butylmercaptodiborane, A solution of 10.1 g (0.053 mole) of tetrae 
n-butylmercaptodiborane in 30 101 of ether wes charged to a two-neck flask fined with a gas inlet tube and ree 
flux conderser, and the solution was saturated with diborane over a two-hour period. On the following day, pro= 
pylene was passed into the solution for two hours, until the evolution of heat ceased, The solvent was distilied 
under water-aspirator vacuum, and the residue was fractionated, There was cbtained 2,8 g (0.020 mole) of ti-n- 
propylboron, b.p. 48-53°/13mm, n™D 1.4195; 2.4 g (0.013 mole) of the n-butyl ester of di-n-propylthioborinic 
acid, b.p. 65-70°/ 2 mm, n™D 1.4570; and 5.7 g (0.030 mole) of mienslintiats eisai b.p. 105-110°/ 
/3mm, 1.5140, 


During distillation of the latter fraction, 1.6 g of a material containing 10.89% boron condensed in a trap 
cooled to —70°, 


5. Tri-n-butyl Thioborate, A mixture of 7.4 g (0.020 mole) of tetra-n-bucylmercaptodibucane and 4.2 g 
(0.046 mole) of n-butyl mezcaptan was charged to a two-neck flask fitted with a thermometer and a reflux cone 
denser, the end of which was connected to a gas meter, and the mixture was heated for four hours, Evolution of 
gas began at 60°; toward the end of the reaction, the temperature of the reaction mixture increased to 150°, A 
total of 870 ml of hydrogen was obtained during the experiment, 


The liquid reacticn poodues were vacuum distilled, There was obtained 7.9 g (70%) of tri-n-buryl thio- 
borate; b.p. 150-152° at 1 mm; d™, 0.9684; o”D 1.5205. 


Found %& C 61.89, 52,05; H 10.03, 9.78; B 3.88; 3.87 Calculated % C 51.77; 119.79; BS.£9 


6. Tri-n-propyl Thioborate, Simflarly, from 5.3 (0.076 mole) of tetra-n-propylmercaptod {borane and 
5.0 g (0.066 mole) of n-propyl mercaptan was obtained 6.1 g (78%) of uri-n-propyl thioborate, b.p. tetiaeed 
/4 mm, d™, 0.9952; n™D 1.6812 


Found C 46.01, 45.78; H 8.90, 8.76; B 4.62, 4.66 Calculated C 45.75; 18.96; 


1. Triethylborazole. To 16.5 g (0.43 mole) of tetra-n-butylmercaptod {borane in a two-neck flask fitted 
with a dropping funnel and reflux condenser was added 4.8 g (0.107 mcle) of ethylamine, The addition of the 
ethylamine was accompanied by evolution of heat, The reaction mixture was allowed to stand for an hour at 
room temperature, and the mercaptan was then distilled under water-aspirator vacuum; heating of the mixture 
was Initfally at 30-40°, and this was increased to 90-100° toward the end, The mescaptan evolved (18 ml) was 
condensed in a receiver cooled to ~70°, The residue was twice distilled under vacuum, There was obtained 8,7g 
of N-ulethylborazole, 66-68" at 20 mm, n™D 1.4373 (Iiterature; 1.4344 [6} The was Tig of 
theoretical, 
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8. N-ti-n-butylborazole, The reaction between 11.6 g (0.03 mole) of tetra-n-butylmercaptod borane and 
4.4 g (0.06 mole) of n-butylamine was carried out in a manner similar to the preceding experiment. Aitez removal 
of the mercaptan, 3.3 g (66%) of N-tri-n-butylborazole was obtained from the residue; dpe 718-80° at 0.25 mim 
d™, 0.8426; n™D 1.4516. 


Found C 57.41, 57.51; H 12.26, 12,22; B 13,52, 13.45 Calculated % C 57.91, H 12.15; 


In addition, 1.0 g of a crystalline material was obtained; this w;s not investigated In detail, 
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IODONIUM DERIVATIVES OF 5-PHENYL-1,3-CYCLOHEXANEDIONE 
AND THEIK TRANSFOMATIONS 


O. Neilands and Academician AN Latv, SSR G. Vanags 


Riga Polytechnical Institute 


Translated from Dokledy Akademii SSSR Vol. 131, No, 4, 847-849, 
April, 1960 


Original article submitted October 15, 1959 


During an investigation of the reactions of B «diketones with phenyliodoso compounds it was found that S- 
phenyl-1,3-cyclohexanedione reacts similarly to dimedone [1], forming a new compound, the internal fodonium 
salt (I) which can be regarded as formed, analogously to a betaine, by intramolecular charge from the phenyl ether 
of the monoenol form of 2-iodo-5-phenyl-1,3-cyclohexanedione (II), * In further reference to this compound, we 
shall call it phenyliodcne, This communication report the results of a study of the properties and suuctural features 
of phenyliodone and of its alkylation and cleavage products, 


Phenyliocone ts a white substance which dissolves in chloroform and benzene ,imparting to the estetion an in 
tense yellow color, The substance {s not very stable, and it undergoes cleavage under the action of various reagents, 
Phenylindone is particularly sensitive to the action of sunlight, Cleavage can be carried out with rupture of the 
iodine carbon bond in two directions, as is typical of uasymmetical fodonium compounds, Thus, in the pree 
sence of hydrochloric acid, phenyliodone is smoothly cleaved to iodobenzene and 2-chloro-5-phenyl-1,3-cyclo= _ 
hexanedione (II), while both fodobenzene and the phenyl ether of the enol form of 2-iodo-S-phenyl-1 ,3-cyclo- 
hexanedione (III) are formed as cleavage products in pyridine solution under the influence of temperature, Clesv=" — 
age occurs only at the fodine= phenyl bond in the presence of silver nitrate and — and - silver salt of 
2-iodo-5-phenyl-1,3-cyclohexanedione (IV) is formed, 


* The name given to (1) in the original is “enolatebetainephenyl-(5-phenyl-1,8-cyclohexanedion-2-yl)lodonium", 
The nomenclature in the remainder of the translation is gencrally based on that of the original authors, ~PubLishes, 
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Phenyliodene {Is not cleaved by strong acylating and alkylating agents (benzoyl chloride, tiethyloxonium 
fluoborate); Instead, acyl or alkyl derivatives are formed, The interaction of tristhyloxon!um fluoborate and 
phenyliodone yields phenyl-(O-ethyl-5-phenyl-1,3-cyclohexanedion-2-yl)iodonlum fluoborate (V), 2 white sub= 
stance of low stability. In the presence of pyridine, this fodonium salt read!ly undergoes cleavage to lodobenzens 
and N-(O-ethyl-S-phenyl-1,3-cyclohexanedion=2-yl)pyridium fluoborate (V1), The latter compound saponifies 
readily to form the corresponding pyridinium betaine of the enol form (Vi). 


Thus, there is an Interesting directional rupture of the Jodine — carbon bonds in the fodonium derivatives 
investigated which devends on structural peculfarities and the reagent; this property has already been noted in the 
analogous dimedone derivatives [2} Since it {s assumed that in fodoniurm compounds, the bond with the lowest 
elecuron density is ruptured [3], it naturally follows that in nonacidic media, the fodine—phenyl bond in phenyle 
fodone is cha:actcrized by a lower electron density than the bond between iodine and the B-diketone radical, 
This §s clearly apparent from the study of the cleavage of phenylfodone in the presence of silver nitrate and pyte 
idine. Under these conditions, phenyliodone undoubtedly exists in the enolate form, from which it foliows that 
the electron density at the carbon atom of the active methylene group of the enolate anion form {s higher than 
it {s at this same carbon in the un-lonized form, For example, in the presence of hydrochloric acid, phenyliodone 
exists in the un-Sonized form, and cleavage occurs at the bond between the iodine and the B ~diketone residue, 
This same thing {s also tue of cleavage of alkyl derivatives of phenyliodone, Consequently, the enolate anion 
system is characterized by a high mobility of electronic charge, 


Curious conclusions may be drawn from a study of the absorption spectra of phenyliodone(N) and the pysidiohem 
betaine of enol form(VIN. The normel enolate anion system of 5-phenyl-1,3-cyclohexanedione (for example, in 
the sodium salt) is characterized in the infrared region by a very intense absorpiion at 1510-1530.cm™4, In the 
uluaviolet spectra there fs a maximum at about 282 my, which is characteristic of 1,3-cyclohexanedione enolate 
anions, The lodine atom causes a significant decrease in the frequency of the enolate anion system, since the 
silver salt of 2-iodo-S-phenyl-1,3-cyclohexanedione (IV) absorbs suongly in the region of 1470-1490 em™, 


However, in chloroform solution, phenyliodone absorbs strongly at 1564 cm™", ana the pyridinium betaine of 
enol form absorbs at 1546 Ion methanol solution, the absorption maximum in the uluaviolet region is found 
a: 261 mp for phenyliodone and at 252 my for the pyridinium betaine of enol form (VI). This seein hzs also 
been observed with the analogous dimcdone derivatives [4}, 


In the spectra of enolate anion systems of the betaines of enol form, such a large shift in the characteristic 
maximums away from the maximums of the normal system can be explained only by a change in the electronic 
structure and in the nature of the multiple bonds, It is natural to assume that under the influence of a positively 
charged substituent, the electron density at the carbon atom of the active methylene group is increased, and by 
the same token there is a change in the character of the carbon-carbon and carbon-oxygen bonds of the system 


c— c—or 


There presently exists no satisfactory method for reflecting the correct structure of enolate anions, The 
complete equality of the charges on the two oxygen atoms Js well represented by the dotted line symbolism of 
partial bonds (5) [for example, in(lV)},which is the current practice, It is only necessary to keep in mind the 
equality of the two carbonyl groups in symmetrical systems, But it is a fact that, as shown by our examples, under 
the influence of various structural factors the electron density at the carbon and oxygen atoms can change, and 
the fractional charges localized at the individual atoms is suill difficult to evaluate, By the same token, it is 
naturally difficult to represent comectly the structure of betaines of enol form, The extant method (VIII) is not 
sufficiently accurate, 


Method (1X), which was used in our recent articles, would appear more correct, considering that the frace 
tions] charges and &° are still difficult to evaluate, bur 26 


. 
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We have recently shown [1] that autocondensation of cyclohexanone under the influence of solid sodium 
hydroxide at room temperature leads to the formation of a tricyclic dihydroxy ketone, Cy,H3,0,. The condensa- 
tion of cyclohexanone in an acid medium under ordinary conditions has not been studied to any exteat, It is known 
that when a mixture of equal weights of cyclohexanone and 60% aqueous sulfuric acid is allowed to stand for 26 
hours, 2-cyclohexylidenecyclohexanone is formed [2]. It appeared to be of interest to determine the behavior of 
cyclohexanone in the presence of more concentrated sulfuric acid under the usual conditions, 


Results of Experiments o1 the Autocondensation of Cyclohexanone and 2-Cyclohexylidene> 
cyclohexanone (synthesis ime, 8-12 days; temperature, 20-25%) 


eo Found®, 
t. # | 
Ketone Solvent | 5 
E E Su 
< < | oe 
4 = Cyclohexanone |240; Methanol 390 | 400 | 2,4 | 80 |83,52]/10,05) 520 
2 The same |240\n-Butanol 400 | 40 12,0 | 40 | 83,47} 10,13] 517 
3 The sare Water 150 |] 460] 41,0 | 25] — | — | 
4° The same _ |240) Methanol 790 | 240 414,5 [2.5 — | — 146 | 
eee The same’ Water 100 } 100 | — 10 |83,34] 9,86 490 . 
6 |2-Cyclohexyle {350) Methanol 550 | 650 }83,57] 10,23} SOS 
idenecyclo- 
hexanone 
CyH Calculated, in% C 83.65; H 10.15, Mol, wt516.8, 
The reaction mixture was refluxed for IS hous 
*Synthesls time was 20 days, 


It was found in the present work that a solid product having the empirical formula Cy,H,,Og (1) is formed by 
the interaction of cyclohexanone and methanolic sulfuric acid (table), The possible synthesis of (1) under other 
conditions was also studied with the aim of obtaining data on the structure of (I) and on the reaction by which fz 
is formed, It was found thay the same product of the condensation of cyclohexanone, CygH,3Og, is formed in the 
presence of methanol, n-butanol, or water (experiments 1, 2, and 3), It follows, therefore, that the solvent doss 
not participate in the formation of this compound, and that the latter fs the product of the autocondentation of 
cyclohexanone, Jt should be remarked that we were also able to obtain this same product having the compositica 


| 
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CygHygO, under conditions previously used for the autocondensation 
of cyclohexanone to 1,2,3,4,5,6,7,8,9,10,11,12-dodecahydrotriphenyle 
ene; however, the yleld was Insignificant (about 1%). It was furthe= 
found that the bicyclic product, 2-cyclohexylidenecyclohexanone, 
obtained by autocondensation of cyclohexanone [2) 1s converted in 
the presence of methanolic sulfuric acid to this same compound 
C>,H.903 (experiment 6). If the experiment is carried out under the 
conditions used for the sythesis of 2-cyclohexylidenecyclohexanone 
and if the reaction time is increased (experiment 5), compound (D 
is also formed in addition to the expected product, This compound 
F Yr (I) was shown by fractionation to be the same as the previously prepared 
mp compound, Moreover, the tricyclic products of the autocondensa- 
tion of cyclohexanone 2-[2-(4-cyclohexenyl)-cyclonexylidene Jcy= 
clohexanone [1], and 2,6-dicyclohexenylcyclohexanone [4] do not 
peri form (I) by interaction with methanolic sulfuric acid, Therefore, it 
y may be assumed that autocondensation of cyclohexanone to the come 
pound proceeds through a stage in which 
cyclohexanone is formed 


C,3H;.0 + H;0, 


a) 


A byproduct of the autocondensation of cyclohexanone, dodecahydrowiphenylene, was obtained in experle 
ments 1, 2,3, and 6, We now tura cur attention to the formation of this compouna during autocondensation of cy= 
Glohexanore (experiment 6), The formation of this compound can be explained by a reaction route which {s the 
reverie of aldol condensation [4-6}, 


Compound (I) does not hydrolyze when heated to the boiling point at atmospheric pressure with dilute aque= 
ous solutions of acids or bases; it is oxidized to adipic acid when refluxed with concentrated nitric acid; when 
heated to 250°, compound (1) splits out a molecule of water and forms a compound having the formula Cy.H,,0, 
The compound Cy,H.;03 does not add hydrogen when subjected to catalytic hydrogenation under the usual condi 
tions in the presence of platinum oxide [7}, while the hydrogenation of 2-cyclohexylidenecyclohexanone under 
these same conditions forms a saturated bicyclic ketone in quantitative yield [8}, Compound I does not form the 
usuas derivatives of carbonyl compounds, 


The compound Cy,H.;O, cannot contain tertiary alcohol groups, since the latter are readily cleaved under 
the influence of sulfuric acid as a dehydrating agent. In the ulraviolet spectrum of C,H,;0, (Fig. 1), the maxie 
mum absorption is found at = 258 mp and €max 90300. Such an absorption maximum 4s 
of a,6 B-tisubstitituted a6 -unsarurated carbonyl compounds, and it is close to the absorption maximum for 
2-cyclohexylidenecytohexanone (Ap,,y = 254 mp) (9}. The higher molar absorption coefficient as compared to 
that of 2-cyclohexylidenecyclohexanone can apparently be explained on the basis that (I) contains two carbonyl 
groups, each of which 4s conjugated with an ethylenic bond, and the two systems are fsolated from each othen 
otherwise, the absorption maximum would Me in the longer wavelength region (not less than 300 my) (10), Thus, 
on the basis of reacticns (1) and (2), the elemental composition, and u,v. spectrum, the compound CyHy0, is a 
hexacyclicdiketone containing three dcuble bonds, Two of the three double bonds are conjugated with carbonyl 
groups, and one is fsolated, 


EXPERIMENTAL 


Preparation of the Diketone CyH..0; (1). A mixture of 390 g of methanol, 460 g of concentrated sulfuric 
acid, and 240 g of cyclohexanone (experiment 1) was allowed to stand for 8 days, with stirring from time to tima, 
The reaction mixture was diluted with 6 Liters of water, the aqueous layer was separated, and the remainders was 
dissolved in 300 ml of ether, The resulting white precipitate was filtered off and washed with ether (twice with 
60-ml portions), The dried dodecahydromiphenylene, 2.4 g,melted at 232°" (from benzene), and did not depress 
the melting point of e known sample of dodecahydromiphenylene [1}. The filtrate was poured slowly and with 
stirring into 2 Liters of methanol, The sesulting thick mass was washed with 100 ml of methanol, dissolved La £09 ml 


a: | 

i 

4 

i 

| 

| 


of ether, and again precipitated in 2 liters of methanol, After a third such operation (150 ml of ether and 2 Iirers 
of methanol), the resulting solid product was filtered and washed with methanol (twice with 100-ml portions), Ths 
product was dried in alr, and 80 g of compound (I) was obtained In the form of a yellowish powder with a broad 
melting range (80-120°, with decomposition); the product was readily soluble in ether, benzene, and pyridine, dife 
ficultly soluble in methanol, and insoluble in water, 


Compound (I) was Lsolated in a similar manner in experiments 4, 5, and 6, The separation of (1) in experie 
ments 2 and 3 differed only in that the reaction mixture was first poured into methanol, The results of all experi 
ments and the analytical data are reported in the table, 


Fractionation of (1). A solution of 20 g substance (1) (mel. wi520) in 1500 ml of water was slowly added, 
with stirring, to the yellow solution, The resulting precipitate was filtered and washed with 50 ml of methsnol, 
The product was dried in alr, and 6.5 g of substance (I) was obtained in the form of a slightly yellowish powder 
with a mol, weof 525, Another 250 ml of water was added to the filwate, The precipitate was filtered off, washed, 
and dried, and 5.5 g of (I) was obtained in the form of a yellowish solid product with a mol, weof 505. In all of 
this work, the molecular weights were determined cryoscopically in benzene, 


Heating of (I). A 14 g sample of substance (I) was heatedfor 2 hours at 250°, After cooling, the dark-red, 
transparent mass was powdered and dissolved in 100 ml of ether, the ether solution was filtered, and a precipitate 
was formed by slowly stirring-in 500 ml of methanol, The resulting precipitate was filtered off and washed with 
50 ml of methenol, Air drying yielded 8 g of a yellow powder, 


Molecular weight: found, 493; calculated forCyH,,0, 498.8. 
Found J C 86.78; 86.25; H 10.12; 10.33 CyH..O. Calculated % C 86.70; H 10.10 


Oxidation of (I). To 250 ml of concentrated nitric acid was slowly added, with cooling, 25 g of (I). The 
mixture was refluxed for 24 hours, and was then diluted with 250 ml of water, The resulting precipitate was file 
tered off, washed with water, and dried in alr, There was obtained 1 g of a yellow powder which was not inves 
tigated further, Evaporation of the filtrate on a water bath ylelded 30 ¢ of product. A 10 g sample of this product 
was stirred with 25 ml of ether, and the almost white precipitate was filtered, There was obtained 4 g of adipic 
acid with an m.p. of 152° (from water); the product caused no depression of the melung point of a known sample 
of adipic acid, 
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The mechanism of electrophilic substitution at a saturated carbon atom Js still in need of clarification, Ons 
of the reasons for this Lies in the difficulty of studying the sterochemistry and the kinetics of electrophilic substim- 
tion reactions, 


In 1953, one of us together with A, N. Nesmeyanov and S. S, Poddubnaya [1] studied the sterochem{stry of 
the symmetrization of estert of a-bromomercuriphenylacetic acid under the influence of ammonia in chloroform 
in the cold, end in 1957, one of us and R, E, Mardaleishvili [2] studied the kinetics of thls react{on, Thus, the 
stereochemistry and kinetics of the same electrophilic subsumtion reaction at @ saturated carbon atom were stie 
died for the first time; © 


+g Beg" 
Reel; Rex COOGH, of 


Since our papers reporting the simultaneous study of the stereochemistry of electrophilic substitution fn the 
case of symmetrization of esters of a-bromomercuriphenylacetic acid [1, 2}, there has appeared only a single 
paper, by Ingolds in 1959 [3], reporting a simultaneous study of the stereochemisuy and kinetics of such a reactioa- 
the racemization of di-sec-butylmercury under the influence of HgPrp. 


On the basis of the kinetics data (reversible reaction, second order with respect to RyR,R,CHgBr and with ree 
pect to ammonia) and sterochemical data (retention of ennai the mechanism of this reaction can be ree 


4 


The first stage (8) is bimolecular substitution (5 at saturated carbon 


* The alternative mechanism (which satisfies the sterochemical and kinetic requirements) {s less probable, becarss 
the symmeuization reaction proceeds under the influence of the most diverse reagents, irreversibly tylag up tho 


332 533 


| 
| 


Me 


a) + NH, Ri 
b) 2RiRsRsCHeBr-NHy (RiRsRsChs He + 
The present authorsand Yan-tse{U [5] have studied the kinetics of another electrophilic reaction at a sature 
ated carbon atom an fsotope exchange reaction between esters of a-bromomercuriphenylacetic acid and mercuric 
bromide labeled with Hg”, 


RyRsRsCHeBr + R,CHg*Br + 
(Ra = GHs; Ra =H; Re = COOGHs of His) 


The over-all reaction fs second order, and It possible proceeds by an analogous two-stage mechanism, the 
first step (2) of which {s identical to the first step of the symmetrization reaction: 


(RaRsRsC)s Hg + Hg*Brs + RiksRsCHgBre 


In all probability, reactions of the above types can proceed through the transition state (A), and this also 
holds in the case ofother organomercury salt having a relatively weak C—Hg bond, 

We have now studied the effect of suuctural factors on the rate of a bimolecular electrophilic substitution 
at a saturated carbon atom, using as a model reaction the symmetization of compounds of the type of p-YC,H.CH* 
+ (HgPz} COORundes the influence of ammonia in chloroform, The first, slow stage of this reaction evidently pro= 
ceeds through a transition state of the type of (A). 


It is possible to visualize the significant effect of the nature of the substituent R on the rate of oem 
ton through the following reaction rate constants, which were calculated by means of a previously proposed meth= 


od [2} 


Ky ml/mole-sec 181,5 110 25,9 insignificantly 10,2 


The reaction rate of the methyl ester was more than 25 times the reaction rate of the L-menthyl ester, 
Naturally, the effect of the nature of Ron the reaction rate is the sum of polar and steric factors, 


mercuric bromide, Thus, the present authors and L, R. Fillppenko [4] found that esters of a-bromomercurlphenyle 
acetic acid (as well 28 other organomercury compounts with labile mercury) readily undergo 
under the fafluence of diphenyimercury; . 


HgBr + (CoHa)s Hg (RaRsReChs Hg -+ 2G, H He Be. 


The internedizte formation of an (Celi complex in this reaction is particularly, 
because this contadices the of ths 
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© For example, in the case of reactions of substituted bensyi chlorides with amines [6), azides ™ ot in Finkele 


The nature of substituent Y also has an effect on the symmetrization rate, as may be seen from the values of 
the corresponding rate constants for compounds of the type p-YCgH,CH(HgBryCOOC, Hy: 


Y ci Br H 
nl/mole «sec 470 400 4110 


Substitution of a chlorine for the hydrogen atom In the paraposition of the benzene ring accelerates the re= 
action by tnore than a factor of five, and substitution of a methyl group practically stops the reaction, Naturally, 
in the case of bimolecular nucleophilic substitution li analogous systems, the effect of substitutents on the reac 
tion rate Is the reverse, 


Since the effect of the ¥ substituent on the rate of this reaction apparently depends on purely polar factors, 
on the basis of the data presented above it may be concluded that repulsion of electrons from the reaction center 
(the saturated carbon atom) facilitates bimolecular electrophilic substitution reactions (S¢2), This fact Indicates 
that even in bimolecular substitution, the more important role is played by rupture of the old bond, not formation 
of the new bond, This circumstance connects the bimolecular mechanism S¢2 with the monomeric dissociation 
mechanism S¢1, since in the latter, rupture of the old bond is the 7 which determines the over-all rate of the 


process, 


Our results show that electrophilic substitution at a saturated carbon atom proceeds in a considerably more 
complex manner than has previously been supposed on the basis of simple limiting cases of Spl and S-2, 


Since not only the old C—Hg bond but also the old Hg—Br bond is ruptured in the transition state (A), it 
would be expected that the symmeutization reaction would proceed more rapidly when dissimilar molecules of 
ctgenometry salts containing different substituents In the para-position of the benzene ring reacts with each other, 
If,for example, Y is an elecuon-acceptor and X an elecuron-donor substituent, the transition state (A) 


will be formed more easily than in the case when similar molecules react, Rupture of the old C—Hg bond fs f2- 
cilitated in the first of the reaction molecules, and rupture of the Hg—Br bond 4s facilitated in the second, 


Cosymmetrization of this type was carried out with the following pairs of compounds; X = H, Y = Cl, X = Br; 
Y =H, X=CH;. The initial reaction rate was calculated for each case, The following result was obtained in this 
manner, The over-all rate ofthe process in the first two case proved to be greater than the sum of the Initial rates 
for the remaining coinponents when used in the same concentrations, exceeding the individual rates of the most 
tepidly reacting components, In the case of X = CH,, the results proved to be most interesting. While symmetrie 
zation does not proceed to any extent in the case of the p-methyl-substituted ester, when this ester is mixed with 
the unsubstituted estez, symmetrization docs take place to a specific extent, though it does not go to completion, 
Theover-allrate of the process is greater than for the unsubstituted ester in the same concentration, 


One interesting and important question fs the effect on reaction rate of the addition of different compounds 
which do not take part in the reaction, The effect of the addition of polar molecules on the rate of nucleophilic 
reactions has been studied by Ingolds [10-14] and by Swain [15.16], who, on the basis of their resulu, arrived at 
diametrically opposed. conclusions as to the nature of this phenomenon, 


We studied the effect of such an addition on S,2 reactions. It was found that the addition of polar reagents 
to the reaction mixture significantly accelerated symmetrization of esters of a-bromomercuriphenylacetic acid, 
Table 1 presents the second-order rate constants, which were calculated from the half-life of the reaction, based 
on formation of the product, at an initial a-bromomercuriphenylacetic ester concentration of 6.8+ 107° mole/ ml, 
an ammonis concenurauon of ~1 mole/ and different concentrations of the added materials, 


stein substitution (8, 0} 


: 


Added c- 104, Ky e 
material mole/ mle ml/ mole -sec 


Nizomethane 108 
0.469 
0.937 258 


Nitvobenzene 0 86.7 
0.902 114.8 


Methyl alcohol 0 108 
0.309 133 
9.618 158.5 


* On the average, this was */ 5, of the amount of solvent, 


It was also shown that the solvent itself (chloroform, in our case), being a polar molecule, has an accelerate 
ing effect on the reaction, This was shown by carrying out the reaction in an inert solvent — benzene — with the 
addition of various zmounts of chloroform, 


A simflar result was obtained during a study of the rate of Isotope exchange between C,H,CH(Hg BryCOOC3H, 
and Hg™ Spr, Thus, while the percent exchange in benzene was insignificantly low, when the solvent was changed 
to one having appreciable polarity, for example 70% aqueous dioxane, the rate increased by a factor of nine, 


The addition of acids and also of bases had an accelerating effect on the rate of the Lotope exchange reace 
tion between a-bromomercuriphenylacetic esters and Hg” ex, For example, we found that the addition of pyre 
idine has an extremely strong effect on the rate of isotope exchange of L-menthyl a-bromomercuriphenylacetate 
in acetone (reactant concentration of 0.03 mole/ ml) at 50°, While in the absence of an added material there was 
only 1% exchange in 6 hours, the addition of pyridine in an amount of five parts by weight of the acetone led to 
35% exchange in 3 hours, and the addition of ten parts by weight promoted 92% exchange in 4.5 hours, 


{ 
‘ 
¢ 
i 


It fs still an open question as to whether the polar additives enter into the transition state (Le., whether 
there is a specific kinetic course through the additive), or whether their role amounts to a change in the polarity 
of the reaction medium, which, in turn, has an effect on the reaction rate, This question is subject to further 
investigation, 
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Translated from Doklady Akademif Nauk SSSR Vol, 131, No. 4, PP- 251-060, 
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Original article submitted December 22, 1959 


Literature information on zirconium niobates is limited to a description of the compound ZrO,°5Nb,0,, © 
which has been prepared by Interaction of zirconium chloride and potassium niobate in solution [1] and also by 
fusing a mixture of ZrO, and Nb,O, with NaF (2}. That this fs an individual compound has not been confirmed 
by any physicochemical method, Measurement of the density gave a value of 5.14 at 17-18", Zirconium tane 
talates have not been described in the Iterature, 


The present work was devoted to a study of conditions required for the formation of zirconium niobate and 
tantalate, Mixtures of zirconium and niobium hydrated oxides were prepared with different mole ratios of ZrO, to 
Nb,O, (2:1, 1:1, and 1:2), The original hydrated oxides were dried at 100° and carefully ground and mixed, 
The resulting mixtures were sintered at 1300° in a Silit furnace for a prolonged time (40-60 hours), In addition 
to the mixtures, the individual hydrated oxides were calcined under the same conditions, X-ray patterns were ob- 
tained under the same conditions (with a RKD-57 camera,using an iron anode) for all of the products obtained, 
The x-ray patterns were measured with a comparator which had a precision of 0.05 mm, Line intensities wers 
evaluated visually by the five-point system, The resule of the x-ray measurements were in good agreement with 
the literature data (3-5}. The x-ray pattern of the mixture of ZrO, an¢ Nb,O, in a 2:1 ratio had no Lines charace 
teristic of ZrO, or Nb3O, (Fig. 1), which indicates the formation of a new phase, In addition to the Lines character 
istic of the compound with a 2:1 ratio of the oxides, the patterns of the other mixtures (1:1 and 1; 2) had lnes 
characteristic of Nb;O,. No new lines characteristic of compounds corresponding to other oxide ratios were found, 


In a manner similar to the synthesis of zirconium niobate, zirconium tantalate was synthesized by sirtering 
under the same conditions a mixture of the hydrated oxides of zirconium and tantalum,in a mole ratio of ZrO, to 
Ta,O, of 2:1, The x-ray pattern of this mixture after sintering had no Lines characteristic of ZrO,, but there 
were a few lines which could be ascribed to free TasOg. However, the absence of the three strong Ta30, Lincs, 
which sre good indications of a rhombohedral lattice with the axes 2=6.175 # 0.125 kX, b = 3.649 ¢ 0.003 kX, 
and c = 3,891 # 0.005 kX (cf, data of reference [S)), makes it possible to conclude that the correspondence with 
the free Ta,0s lines is purely coincidental, Thus, the sintered products in this case represent a new phase, B 
should be noted that the interaction of ZrO, takes place much more readily with Nb,O, than with TasO,. The 
formation of zirconium niobate was observed even when the mixture was heated to 1000’ over a six-hour period, 
while zirconium tantalate was formed only after prolonged (40 hours) soaking of the mixture at 1200°, 


In view of the insignificant volatility of the orfginal oxides at their interaction temperatures, Uie ratios 
NbzO, and ZrO,: TazOg in the resulting compounds should not differ from the original values and should cbe 
viously correspond to the formula 2Z10,°R,O, or (ZrO),R,0;, These compounds were analyzed for zirconium coae 
tent a follows, A weighed sample of zirconium niobate was dissolved by heating in concentrated H;SO, , and, 
" after dilution of the solution, zirconium was precipitated as the phosphate, The niobium was held in solution by . 
the addition of hydrogen peroxide, The zirconium pyrophosphate precipitate was calcined at 000° and weighed, 
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Fig. 1. Schemauc representation of the x-ray patterns, 


In the analysis of the zirconium tantalate, the - 
material wzs decomposed by evaporation with 
concentrated H,SO, two or three times, The 
precipitate was treated by boiling with a 5% to- 
lution of NaOH to convert the sulfates to hydroxe 
“ ides, The zirconium hydroxide was dissolved in 
2N HCl by heating the mixture, and the tantalum 


Fig. 2, Heating curves, A) (ZrO),Nb,O, (average heat- was completely retzined in ths precipitate, Zire 


_ conium hydroxide was precipitated from the hydro- 
~ B) (Zr0),T 230, ehilorie acid solution, and the precipitate was 


cined at 900° and. weighed, 


400° 


= analyses showed the following percentage contents of ZrO, (averages ¢ of two to three experiments): 
Found Calc, for 


Zirconium niobate 4940, 48.11 
Zirconium. tantalate $6.20 35,60 


Zirconium niobate and tantalate are white, finely crystalline compounds, The great pumber of Lines eann 
$0) oa the x-ray patirsns of these compounds indicate a low symmetry of the crystal lattice, The high values of 
the glide angles sre in egreement with the relatively low density values; &,70 for (ZrOj,Nb,O, and 7,82 for 
(The density determinations were cartied out pycnomeuically at 25°) 


In order to confirm; that these compounds were chemical Individuals and also with the aim of comparing 
thelr properties, thelr melting points were determined, their thermal stabilities were investigated, and thelr be= 
havioe toward certain chemical reagents was studied, Fusion of the zizconyl niobate and tantelate was carried out 


| 
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TABLE 1 


~ Chlorination of Zirconyl Niobate and Tantalate and Mixtures of the Original Oxides 
(2:1) with Carbon Tetrachloride, Sample Weight 0.2 BF Particle Size< 100 g,Chlorie 
nation Time 30 minutes 


Loss in weight, % 


ccl 
te 


Substance at su 


0,05 (ZrO);Nb,Oy 6 
Mixt, & (2: 1) 
0,12 (ZrO);Tas0, 
Mixt. ZrO, & 78:0, (2:4) 6 

0,40 (ZrO):Nb;O, 4 
(ZrO)sTayOy 4 


TABLE 2 in a type MVP-3 high-frequency furnace, which fs suitable 


Behavior of Zirconyl Niobate and Tantal- for operations under vacuum or at atmospheric pressure, The 
ate Toward Reagents. Sample Welght0.1g, temperature was measured with an “Opir-09" optical py= 
Temperature 85-00", Treatment Time 4 rometer. Fusion of the material was detected visually, By 
Hours, , - means of these experiments, it was established that the melt- 
ing points of zirconyl niobate and tantalate are 17004 20° 
Amt. of dissolved material, and 1730 # 20°, respectively, According to data from x-ray 
100 mi reagent phase analyses, both compounds melted without decomposi- 
don and underwent no phase transformations over the teme 
perature interval of 20 t0 1400°. The later was confirmed 
by a study of the thermal stability of the compounds with a 
0,0320 Kurnakov pyzometer, The heating curves for (ZrO),NbyO, 


0,0920 
01008 and (ZrO),T2,0, re presented in Fig. 2, 


0,0266 The rate of interaction of zirconyl niobate and tan= 
talate with CCl, vapors was studied, For purpose of come 
parison, the corresponding mixtures of ZrO, with NbOx 

(2:1) and 210; with Ta,O, (2:1) were chlorinated under the same conditions, The conditions under which the 

experiments were carried out differed only in the CCl, feed rate and in the surface areas of the preparations, The 

carbon tetrachloride was fed to the quartz reaction tube {n a stream of nitrogen, which was passed at a Constant 
rate through a flask filled with CCly. The chlorination was carried out ever the temperature interval of 500-650° — 
for a period of 30 minutes, Upon completion of an experiment, the residual material was weighed, and, in some 
cases, the ZrO, content was determined, In addition, x-ray phase analysis of the residual material was carried 

out, The results obtained are presented in Table 1; the values represented averages of three or four determinations, 


It should be noted that zirconyl niobate and tantalate chlorinate three to four times more slowly than do 
the corresponding oxide mixtures, Zirconyl tantalate is more stable with respect to the chlorinating agent; in 
contrast to zirconyl niobate, the tantalate undergoes no chlorination at 500°, According to chemical and x-ray 
phase analysis data, the major portion of the zirconyl niobate and tantalate underwent no change during the chlose 
{nation process,. 


The action of HCl (35%), HF, (25%), H,SO, ($4%) and NaOH (40%) on zirconyl niobate and tantalate wes 
tested in order to determine the stab{lity of the niobate and tantalate toward solutions of various reagents, A 
weighed sample (0.1 g) of the material was treated with 50 ml of the reagent for a period of 4 hours at 84-90%, 
The residue was washed with water, dried at 100°, and weighed and analyzed by x-ray phase analysis, It was cae 
tablished that both compounds have high stability with respect to the reagents tested (Table 2), The best solvent 
was the concentrated solution of H,Fs. The zirconyl tantalate was more stable than the niobate, In contrest to 
the latter, zirconyl tantalate was practically insoluble in hot solutions of concentrated HCl and H,SO, and in 8 
mixture of ammonium sulfate and sulfuric acid, and it did not fuse with sodium pyrosulfate,K,CO,, ot sodium 


| 


| 
2 | 6 
3 
2 8 6,9 
| 34.8 
3 4 
0 
Es 
3 4% 
25% 
iz 
| | M1 
} 4 ; 


peroxide, While zirconyl nfodate dissolved readily when heated to 220° in concentrated H,SO,, decomposition of 
the tantalate occurred only when the matesial was eveporated in concentrated H,;SO,. During the action of the 
reagents Indicated above, the undissolved part of the compounds did not undergo any changes, as indicated by 
x-ray phase analysis, Thus, zirconyl niobate and tantalate are chemically very stable, 
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We previously [1] demonstrated the pcssibility of synthesizing higher aliphatic ketones by oxidation of higher 
secondary alcohols, which, in their turn, were obtained by direct oxidation of paraffins in the presence of boric 
acid [2}, The — of preparing ketones by dehydrogenation of these higher alcohols was also reported [1}, 


There are reports in the iiterature on the preparation of 
lower aldehydes and ketones by this methed, The reaction is 
normally carried out in the vapor phase over catalysts which 
contain iron, zinc, copper, nickel, platinum, etc, [3}. twas also 
shown that with an increase in the molecular weight of the ale 
cohols, the dehydrogenation does not proceed smoothly at all 
and {s complicated by dehydration [4}, Higher alcohols can also 
be dehydrogenated in the liquid phase over a Raney catalyst [5} 


In the present work we give the results of an investigation 
of the dehydrogenation of higher secondary alcohols for prepare 
ing the corresponding ketones on an industrial skeletal nickel 
catalyst, 

The higher secondary alcohols were dehydrogenated in the 
liquid phase in a flask with a stirrer and a condenser, The mixe 
ture was heated with a gas burner and the reaction temperanre 
controlled with a thermometer, When the reaction was carried 
out in vacuum, the system was connected to a vacuum pump, 
The reaction product (dehydrogenation product) was analyzed by 
the usual procedure, The acid, ester, hydroxyl, carbonyl, and 
fodine numbers were determined, The amount of catalyst wed 
in all experiment was 10% of the weight of alcohols, For the 
dehydrogenation we used industrial alcohols with the follwing 
constants; d™, 0.8486; n™D 1.4496; b.p, 125-170° (1 mm Hg) 
solid. p. +8,0°; acid number 1,1; ester number 3,4; 
‘hydroxyl number 220,0; carbonyl number 20,0; lodine number 
10.0; hydrocarbon content 6 weight & An examination of the kinetic curves for the reaction on this catalyst 
(185°, residual pressure 33 mm Hg) shows that the dehydrogenation of alcohols in the Mquid phase proceeded at 
e high rate and was practically paces in 2 hours, giving e degree of alcohol conversion of up to $5 moi, ” 
(:00 Pig, 2). 


Concentrations 


8 


e 


Fig. 1. Kinetics of dehydrogenation 

of secondary alcohols on skeletal nickel 
catalyst (185°, residual pressure 33mm 

Hg). 1) Ketones; 2) alcohols; 3) untae 
turated compounds, 
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Vigorous evolution of hydrogen was observed in the Initial per- 


: fod. There was a simultaneous decrease in the fodine number of the 
jis ad product and this 1s apparently explained by the hydrogenation of une 
P saturated compounds present in the original alcohols, Subsequently 
$ g there was a certain increase in the lodine number as a result of de- 
58 hydration of alcohols, Chromatographic analysis of the dehydrogenae 
tion product on silica gel showed that the hydrocarbon content 
8 creased from 6-10 weight 

4 “a 199% The acid and ester content of the reaction products hardly dife 
Fig. 2 Effect of temperature and fered from that of the original alcohols, 
pressure on the formation of ketones 
by dehydrogenation of secondary Experiments were then carried out to determine the effect a 


temperature and pressure on the dehydrogenation of alcohols, 


alcohols on a skeletal nickel cate 


alyst (reaction tline 2 hours), 1) Re The curves presented in Fig. 2 show that the rate of dehydro= 
sidual pressure 30 mm Hg; 2) ate genation of alcohols increases with a rise in temperature, A reduced 
mospheric pressure, pressure (residual pressure of 33 mm Hg) promoted the reaction studied, 


The product obtained by dehydrogenation of higher secondary 
alcohols was freed from small amounts wel unreacted alcohols by esterification of the latter with boric gcid, The 
compounds which did not react with boric acid were distilled from the boric esters formed in a Clalsen flask ata 
residual pressure of 7mm Hg. We obtained 2 distillate boiling over a range 115+200° with the constants: 4°%, 
0.8350; n™D 1.4440; solid. p. 414.5%; carbonyl number 1$0.0; fodine number 4.6, Freeing this product mln 
hydrocarbons by chromatogrephy on silica gel yielded a fraction of higher aliphatic ketones with d™, 0 — n”p 
1.4446; carbonyl number 202.0. The ketone yleld was 85 weight % on the starting alcohols, - 


Thus, the Investigation showed that {t is possible to obtain higher aliphatic ketones in high eae by dehy- 
drogenation of higher secondary alcohols fa the Liquid phase on —— nickel a 
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The thermal dimerization of fsoprene leads exclusively to cyclic compounds, as was conclusively demon= 
strated by 1, N. Nazarov et al, [1], and then confirmed by American investigators [2} The possibility of linear 
dimerization of isoprene has been discussed repeatedly (3-6) but up to the present there has evidently been no case 
where linear dimers have been isolated in a discrete state and their structure has not been determined, 


Thus, in [5] {t was reported that in the presence of an aluminosilicate catalyst {soprene gives a very low 
yleld of a linear dimer, which was not isolated in a pure state by the authors (it contained traces of dihydro dimer) 
and did not form an adduct with maleic anhydride. In (6), the dimerization of isoprene under the action of sulfuric 
and phosphoric acids yielded a mixture of dimeric products, which wes shown to contain a Linear dimer by isolation 
of 2,6-dimethyloctane after hydrogenation of the mixture over a platinum catalyst at 180°, The formation of 
trimeric compounds was reported in the same work, but nothing was stated on their structure, It was shown recent 


ly [7] that under the action of a complex catalyst, isoprene is to cis-1,4-poly!soprene, which {s similar 
to natural rubber in properties, 


In the present work we found that on the same catalyst but with a anes in reaction conditions, isoprene 
forms largely dimeric, timeric, and tetrameric products and only a very small amount of polymer. We carried 
out the reaction in toluene at 75-85° with a catalyst prepared with molar ratios of (fso-C,H,),Al to TiC], equal to 
2,253.25 to 1, The reaction proceeded rapidly under these conditions aud the isoprene reacted practically come 
pletely. With a fali in reaction temperature or a decrease in the ratio of (iso-C,H,),Al to TiCl,, the amount of 
copolymer.increased, With an increase in the ratio of (iso-C,H,),Al to TIC, the reaction rate fell considerably 
or the reaction did not begin at all, This indicates that the reaction was actually catalyzed by the complex cae 


talyst, Dimeric and trimeric products were formed in pibeaitead equal amouns while less than 10% of poly 
mer was obtained, 


Thus, 136 g (200 ml) of carefully dried isoprene was added over a period of 2 hours with onning at 15-£0° 
to 100 ml of toluene, containing a catalyst prepared from 5.2 g of (iso-C,H,),Al and 1.8 g of TIC, Distillation 
of the reaction products yielded 55 g of a mixture of dimers, 49 g of a mixture of rimen,and 12 g of a mixture 


of tewamers,and 12 g of polymer remained, In the present work we investigated mainly the dimeric compounds, 
Fractionation of the mixture of dimers on « column yielded; 


1. *Lebedev's hydrocarbon®, Le., 2 with b.p, 48-42.5° at 14 mm, 
‘a™D 1.4646, 0.8321 (Literature data (8} b.p. 44° at 9 mm, 1.4658, 0.8821), 


2A anes isoprene dimer (main product) to which we ascribed the structure of 2,6-dimethyle1,S,6-octs~ 


triene, CH, CICHICH the basis of its reactions and this had b.p, 57-55° at 
12mm, 1.4794; 4 0.7968, 


Found % C 88.22; 88. 10; H 11,80; 11.85 CygH,,. Calculated % C 88.23; H 11.76 


‘3. A small amount of what were apparently ap. -Hiprgesmenagy dimers with b.p. 66-68° at ‘12 mm, alia 
1.4820 (literature data [1} b.p, 83-83.5° at 26 mm, n”™D 1.4885). 


The linear isoprene dimer that we obtained differed from known natural near dimers, myrcene and ocle 
mene, In the hydrogenaticn of the Linear dimer over the catalyst Pd/ BaSO, at room temperature, 3 moles of hye 
—_— was absorbed per mole of dimer and this yielded 2,6-dimethyloctane with b.p, 158-159°; nD 1.4103; 
0.7239 (Iterature data [9} b.p, 158-159.5°, nD 1.4100; d™, 0.7287). Reduction of the dimer with todivm 
in yielded the dihydro compound with b.p, 162,5-163.5°; 1.4458; d™, 0.7795; MR found 47.44, 
calculaied 47.45. 


Found $< C 86.14; 86.76; H 12.91; 12.89 CyyHj,. Calculated 4 C 88,95; H 18,04 


The dihydro compound, which was apparently 2,6-dimethyl-2,6-octadiene, was readily oxidized in afr, 
The Unear dimer reacted vigorously with maleic anhydride to give a high yleid of an adduct with b.p, 167-168° 
at S mm, n™D 1.5050, 


Found %& C 71,83; 71.74; H 7.78; 1.65 CyH,,03. Calculated % C 71.79; H 7.69 
Alkaline hydrolysis of the adduct ylelded a dicarboxylic acid with m.p, 137-138° (from acetonitrile), 
Found SG C 66.58; €6.45; H 8.00; 8.07 C4H,,0,. ; Calculated % C 66.66; H 7.98 


When the dicarboxylic acid obtained was hydrogenated over Pd/ BaSQ, at room temperature, 2 moles of 
hydrogen was absorbed per mole of acid. Ozonization of the linear dimer with subsequent treatmeat with hydrogen 


peroxide yielded formic and acetic acids, indicating the presence of the groupings CH,CH = cMand Ck, cv 


in the dimer, Ozonization of the adduct of the dimer and maleic anhydride and subsequent reduction of the ozonide 
with zinc ylelded acetaldehyde, This result indicated that the conjugated system of double bords in the dimer 


was at the methylene group end, Le. CH, = C— 4 - All the data obtained establish quite conclusively that 
the dimer was 2,6-dimethyl-1,3,6-octatriene, 


A preliminary study of the mixture of trimeric compounds also showed that it consisted of both lincar and 
cyclic products, bet we have not yet established their structures, For example, from this mixture we isolated a 
fraction with b.p. 117-118° at 8 mm; nD 1.4908; d™, 0.8454; MR found 69.86; calculated 69.60 (for an aliphatic 


sesquiterpene) MR found 67.87 (for a monocyclic sesquiterpene), 
Found % C 88.14; 88.11; H 11.62; 11.58 CygH,,. Calculated % C 88.23; H 11.78 


However, this fraction was not a pure aliphatic trimer as on hydrogenation It absorbed slightly less hydrogen 
than the calculated amount for four doubie bonds, It reacted with maleic anhydride to form an adduct with the - 
Coemposition with b.p, 193-195° at 5 mm;n™D 1.5121, 


Fouda % C 15.31; 75.29; H 8,50; 8.48 Calculated C 75.49; H 8.60 


Ona hydrogenation, the adduct absorbed 3 moles of hydrogen per mole of adduct, The investigation of the 
structure of the srimeric and tetrameric compounds will be continced, 
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SYNTHESIS OF POLY MERIZABLE UNSATURATED | 
ORGANOMERCURY COMPOUNDS 


M. M. Koton and T. M. Kiseleva 
Institute of High-Molecular Compounds, Academy of Sciences, USSR 


(Presented by Academician A, N. Nesmeyanov, January 20, 1960) 


Translated from Doklady Akademii Nauk SSSR Vol. 131, No. 5, pp. SOTE-E0S, 
April, 1960 


Original article submitted December 14, 1959 : 


Unsaturated organomercury compounds are attracting the attention of investigators at the present time, The 
first such compounds synthesized were allyl (1) and {sopropenyl (2) compounds of mercury and also mercury dee 
rivauves of stilbene [3],and various vinyl derivatives of mercury [4-6], and perfluorodivinylmercury [1] were ob= 
taincd comparauvely recently, Nonetheless, there is no information on the capacity of these unsaturated orgeno= 
mercury compounds to polymerize, From a few literature data [8, 9), it is known that mercury-containing poly 
mers, which are stable up to 250-300", exist, We synthesized for the first time a vinyl derivative of diphenyl- 
mercury, which is capable of polymerization and copolymerization [10}. Thus, the reaction of p-vinylphenyle 
magnesium chloride and phenylmercuric bromide in tetrahydrofuran yielded crystalline ee 
mercury (I) according to the equation: 


= CH + BrHgGHy CHy = CH Hg — GH, + MeCIBr. 
(I) 
Compound (I) readily polymerized and copolymerized without initiators or in the presence of azolsobutyrodle 
nitrile, The use of benzoyl peroxide, cationic polymerization catalysts, and complex catalysts is excluded (even 
at low temperatures) as they react chemically with the monomer (I). 


During the polymerization of (I), phenyl-p-vinylphenylmercury (I) disproportionates with the formation of 
diphenylmercury and a new unsaturated organomercuty compound, namely, bis-p-viuylphenylmercury (II), by the 
equation: 


| 


Compound (11) polymerized very silly with the formation of an insoluble and infusible cross-linked poly 
mer (ILI), which decomposed at temperatures above 250° with the Liberation of metallic mercury, 


as 


{ 
j 
i 
| 
© 
é 
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To demonstrate the accuracy of the above hypoth«sis, bis-p-vinylphenylmercury was synthesized (it was 8 
crystalline material) by the reaction of p-vinylphenylmagnesium chloride with mercuric bromide in tetrahydrofuran; 


Monomer (II) polymerized readily with the formation of a polymer with the same structure (ID) as in the © 
case of the disporportionation product of phenyl-p-vinylphenylmercury, ‘ 


EXPERIMENTAL® 


Phenyl-p-vinylphenylmercury (I) was synthesized in dry, freshly distilled tewahydrofuran in a stream of nitro- 
gen. From 1.94 of magresium and 5.6 g of p-chlorostyrene in 30 ml of tetrahydrofuran and 10 g of dry phenyle 
mercuric bromide we obtained a colorless, viscous oil, which solidified when cooled to —40°, Three recrystalliza- 
tions from ethyl alcohol yielded colorless crystals with m.p. 84-86°, which were soluble in benzene and alcohol, 
The yield was 2.7 g (25% of theoretical), 


Found C 43.99; H 3.46; Hg 52.35 Calculated 44.15; H 3.16; Hg 52.70 


Treatment of phenyl-p-vinylphenylmercury with an alcohol solution of HCl at 0 to + 20° ylelded styrene, 
C.HsHgCl, and HgCl,, but when the temperature was recuced to —5°, styrene and CH, HgCl were formed, 


Bis-p-vinylphenylmercury (II) was synthesized under the same conditions as(I). From p-vinylphenylmage 
nesium chloride and mercuric bromide we obtained colorless crystals with m.p. 140-145°, which were soluble in 
alcohol and benzene, The yield was 30% of theoretical, 


Found %& C 46.85; H 3.81; Hg 48.81; 49.42 C,,HHg. Calculated %& C 47.22; H 3.44; Hg 49.33 


Block polymerization of (I) in a nitrogen atmosphere in the absence of initiators,or polymerization in xylene 
solution in the presence of 0.3% of azoisobutyrodinivile as initiator,yielded a friable, pale-yellow, uamparent 
polymer (IIT), which was insoluble in all organic solvents, The polymer yield was 50%, After the polymer had 
been treated with solvents, the solution yielded white crystals of diphenylmercury with m.p, 120-121°, The poly- 
mer (IL) was dried to constant weight and analyzed, 


Found % C 47.29; H 4.05; 3.99; Hg 48.38 (CygHyHg)g- Calculated % C 47.22; H 3.44; Hg 49.33 


When heated to 250°, the polymer darkened and with further heating to 270-300°, it decomposed with the 
evolution of metallic mercury. Polymerization of (LI) under the sane conditions as(I) formed a friable, Light-yele 
low, transparent, infusible polymer, which corresponded in properties and composition to polymer (II]) obtained 
from (1). 


(1) and (11) copolymerized with styrene to form clear, colorless, insoluble masses, 


LITERATURE CITED 
[1) E. Rothstein and R, Soville, J, Chem, Soc, 2987 (1952), 
[2) A. nN Nesmceyanov, A. E. Borisov, and N. V. Novikov, Doklady Akad, Nauk SSSR 96, 289 (1954). - 


(3) A. Nesmeyanov, A..E, Borisov, and N. A. Vol*kenau, Izvest, Akad, Nauk SSSR, Owel, Khim, 
162 (1956).° 


[4) D. Seyferth, J. Org. chem, 22, 478 (1957). : 

[5) G. Reynolds, R, Dessy, and H, Jaffe, J. Org. chem, 23, 1217 (1958), 

(8) B. Bartocha and F, Stone, Zs, Naturforsch, 138, 347 (1958), 

[7] RN, Sterlin, Lu Vel-gan, and LL, Knunyant, Izvest, Akad, Nauk SSSR, Ordel, Khim, Nauk 1506 (1959),° 
[8) K, Brodenioa and L, Kunkel, Chem, Ber, 91, 2696 (1955), 


With the assistance of LL, Atkhipova 


; 

} 

&— 


[9] T. Traylor, J, Polym, Sci, 32, 541 (1959), 


[10) M. M. Koton, T. M. Kiseleva, and F, S, Florinskil, Izvest, Akad, Nauk SSSR, Otdel, Khim, Nauk 948 
(1959).° 


© Original Russian pagination, See C, B, Translation, 


i 
‘ 
/ 
i 
- 
a 
. 
; 
; 
i 
| 
4 
. a 
. 


| 
| 
j 


PAW 


STRUCTURE OF MONOMERIC ARSENO COMPOUNDS | 
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S. Ordzhonikidze All-Union Scientific Research 
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(Presented by Academician A. N. Nesmeyanov, October 12, 1959), 


Translated from Doklady Akademi Nauk Vol, No. 5, pp. 1074-1076, 
Apri,1960 


Original article submitted October 6, 1959 


All the arseno pen described in the Iterature may be divided into two groups, Compounds of the 
first group are colored, amorphous, and cannot be recrystallized or distilled, Some compounds of this group co 
not dissolve {n any solvents (for example, arseromethane polymers), while others dissolve in suitable solvents to. 
form more or less viscous solutions (for example, Salvarsan), According to recent data [1], the structure of come 
pounds of this group is expressed by the formula: 04 . 


() x—As—s—As—\—As—x, xHO, 1,Ci; 
R = CHs— arsenomethane polymess 
R == Salvarsan 


Depending on the preparation conditions, the value of n may vary over ve range from 8 to 40-50 and therefore, 
some polymeric arseno compounds form solutions of comparatively low viscosity (for example, when bo = 8, and 

R =—C,H,(OHXNH,). The molecular weight of the polymer #1500), When x = OH, the polymers may undergo 
dehydration, even in aqueous solutions, and this leads to an increase in the molecular weight and, ea the 
viscosity of the solution, 


The reaction is reversible this the variable of Salvarsan The molecular weight 
of Salvarsan with a sufficiently high value of n may, with appropriate treatment, reach a value of the ordes of 
1,000,000 [2}, Arsenomethane polymers [3] are insoluble and may be obtained _ under conditions when tez= 
minal groups may be formed [4} 


Arseno compounds of the second group sre colorless and crystallize readily (for example, arsenobenzene, 
Prarsenoanisole, etc) or may be distilled (arrenomethane), While compounds of the first group sre polymezs, 
compounds of the second gioup clearly have the characteristics of monomeric conipounds, At one time, mainly 
in analogy with azo compounds, the structure of actual “arseno compounds” was assigned to them, 


(ll) R—As=As—R, R arsenomethane (6): 
R=~C,H,— arsenomethane 
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However, a careful determination of the molecular weight by W. ee om led to the establishment of the 
following cyclic structure for arsenomethane; : 


CH, — As — As 
CH, — As As — CH; . 


ql) 


bn, 


These data were subsequently confirmed by other investigators [8]. Thus, there are no doubts about the structure of 
arsenomethane, The structure of arsenobenzene is a more complicated matter, Determination of the molecular 
weight of this compound by different investigators gave different results, Thus, for example, A Michaelis found 
399.8 ebullioscopically in benzene [9] and S, Palmer found 402 under the same conditions and 642 cryoscopically . . 
in naphthalene [8}, An accurate determination of the molecular weight of arsenobenzene by F. Biicke and Smith 
(10) gave values of 895 and 915, It is apparently precisely this diversity which has led to the fact that up to the 
present time structural formula (II) has been accepted by all for arsenobenzene although {t seems improbable that 

a compound of this structure would be colorless, We considered it exuemely probable that the diversity of the 
results given above for the molecular weight of arsenobenzene is explained by the lability of the compound, Ac- 
tually, even A, Michaelis [9] reported that arsenobenzene resinifics (polymerizes) very read{fiy and according to 

our observations, these polymers (sticky, yellow resins)are exceptionally readily oxidized by atmospheric oxygen 

to Since arsenomethane {ts polymerized with more difficulty and its polymerizacion fs readily observed 

as its polymers are completely insoluble in everything, the determination of it molecular weight gives accurate 
results, The resinification (polymerization) products of arsenobenzene are very readily soluble in benzene and 

other solvents, and likwise the oxidation products of the polymers, so that these reactions cannot be observed and 
hence determination of the molecular weight of arsenobenzene gives unreliable data, All that has been presented 
convinced us that reliable data on the structure of arsenobenzene could only be obtained by x-ray structural analy- 
sis, We prepared arsenobenzene by reduction of C,H,AsO with hypophosphrous acid, and recrystallization of the 
product from toluene yielded almost colorless crystals with m.p, 210-212°, which agrees with Literature data 110}. 


Crystals of arsenobenzene belong to the monoclinic system and appear as fine, yellowish necdles, Thelong 
direction of the needles is the b axis; the simple forms are pinacoids {100} and {001}; the end faces were not 
developed. According to goniometic measurements, the monoclinic angleB was 110°09*s 0°12°, Determination 
of the lattice constants from an oscillation x-ray diffraction pattern gave the following values; a = 11.93 # 0.05 A; 
b=6.11 # 0.03 A; ¢ = 23.57 ¢ 0.12 A. Hence the cell volume v = 1632 A® and with a density of 1.758 g/cc, 
this gives 11.3, Le., 12 CgHy—As= residvesina cell, Systematic extinctions showed that the space group was 
Cin = P2,/c, and consequently, the cell contained three crystallographically nonequivalent As atoms, 


The structure was determined from the ac projection and the y coordinates were established by geometric 
analysis, The x and z coordinates of the As atums, which were found first from the projection of the interatomic 
function, were used for determining the signs of Fy.j. Then the electron density projection, showing the over-all 
contours of the benzene nuclei, was calculated, Unfortunately, due to their steep inclination to the projection 
plane, not all the carbon atoms were resolved on the plane; we had 10 maxima Instead of 18 atoms, The second 
approximation of the electron density projection was derived with a reliability factor up to the value R= 14.5%, © 
which left no doubt on the accuracy of the structure found, ‘ 


As the electron density projection (Fig. 1) shows, the arsenobenzene molecule is a cyclic system of As atoms 
with one phenyl group attached *y each, There are six members in the ring, 


GH, 


he 


| 


These cyclic molecules are at the centers of sym- 
metry in the crystal. The ring is not planar, but 
has a chair configuration with the As~As—As 
valence angle equal to 93 ¢ 2°, The outer As— 
~As—C valence angles are 99 ¢ 3°, The bond 
length are as follows: = 2.44 A; C~A8 
1.96 A. 


The data we obtained show that of all the 
data presented previously on the molecular weight 
of arsenobenzene, only those of F, Blicke and F, 
Smith [10) are accurate, while all the others are 
distorted by the reactions mentioned above, Since 
the results obtained by F, Blicke and F, Smith for 
arsenobenzene are sccurate, the determinations 
of the molecular weights of p-arsenotoluene and 
p-arsenoanisole by these authors are also trust= 
worthy, The values of 832 and 1080, and 1270, 
respectively, weze found for the above compounds 
by these investigatcrt, The values 996 and 1092 
were calculated for the corresponding six-meme 


Fig. 1. Electron density projection of arsenobenzene on bered rings. Thus, one arrives at the conclusion 


that arseno compounds with the structure R—As & 
the ac face, The contour lines are in relative unit, = As-R do not exist at all, They are actually 


either polyme:s, whose structure is illustrated by 
formulas (I) and (II), or cyclic compounds (11) and (IV), The whole story of arseno compounds again demonstrates 
the danger of assigning structzres to compounds by analogy, as it was precisely by analogy that A. Michaelis as 
signed the structure =As—C,iy to arsenobenzene (6) and that P, Ebzlich and A, Bertheim assigned the 
structure of 3,3'-diam ino-4,4"-d thydroxyarsenobenzene to Salvarsan, In both cases the authors considered only - 


- 


elementary analysis data and the analogy with azo compounds, 
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STEREOCHEMISTRY OF CYCLIC COMPOUNDS 
1,3-CY CLOPENTENEDIONE IN DIENE SYNTHESIS REACTIONS 
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Translated from Doklady Akademii Nauk SSSR Vol 131, No. 5, pp. 1077-1078, 
April, 1960 


Original article submitted December 1, 1959 


1,3-Cyclopentenedione (I), a brief communication on the preparation of which was published recently [1], 
is of undoubted interest for the synthesis aud the study of the stereochemistry of polycyclic compounds, including 
those similar in nature, One of the possible ways of employing chis unsaturated cyclic B-diketone synthetically 
is to use it as a dienophile in diene condensations with various dienes, Being a carbocyclic analog of maleic an- 
hydride, this dienophile may be used successfully for constructing polycyclic systems, containing a flye-membered 
ring with carbonyl groups in the a-position with respect to the coup!ing of the rings, which is extremely import 
ant both {n the synthesis of compounds related to steroids and for studying the steroochemistry of hydrindanone sys 


The starting material for the preparation of 1,3-cyclopentenedione (1) {s cyclopentadiene, which ready 
gives the dibromide (II), and conversion of the latter into the diacetate (LI) and then into a mixture of fsomeric 
cyclopentenediols (IV) has been described previously (2). These diols are best oxidized to 1,3-cyclopentenedione 
by chromium trioxide in acetic acid and under these nn ™ pure a 35°36") diketone _ be ob= 


1,3-Cyclopentenedione (1) readily wean a diene synthesis reaction with butadiene, even at room teme 
perature, and gives a good yield of the corresponding cis-adduct (V), whose structure and configuration were deme 
onstrated by oxidation of the corresponding 1,3-hydrindandione (VJ) to the known cis-cyclohexanes] ,2-dicare 
boxylic ecid, The diketone condenses analogously with {soprene to form the adduct (VI) and also with cyclopene 
tadiene to form the corresponding adduct (VII), which added 1 mole to hydrogen when oe with a Pd 
Catalyst and formed the corresponding endomethylene-1 ,S-hydrindandions (IX), 


According to the infrared spectral data, the adducts obtained were — enolized in solution and this 
in agreement with results 
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1,3-Cyclopentenedione (I) readily condenses with and 6-methoxy-1-vinyl-A*- 

’ dihydronaphthalene to give good yields of the corresponding tri- and tetracyclic diketones (X) and(XD,of which 
the latter is of very great interest for further study of a structure related to steroid compounds, The ease and com= 
parative similicity of the preparation of the adducts described has made them quite accessible for - — of 
various chemical conversions and this {s the subject of our next eed 


EXPERIMENTAL 


Oxidation of 1,3-Cyclopentenediol (IV). Over a period of 15 minutes, a s solution of 8.4 g of chromium 
‘trioxide in 100 ml of acetic acid was added to a solution of 6.3 g of 1,3-cyclopentencdiol [2] (b.p. 107-108 at 
0.7 mm, n™*D 1.5025) Jn 50 ml of acetic acid cooled with ice water. The solvent was removed by distillation 
and to the residue was added 100 ml of 2 N H,SO,, the oxidation product extracted with benzene, the solvent ree 
moved, and the residue vacuum distilled, We obtained 1.5 g of cyclopentenedione=1,3 (I) with b.p, 60°/1 mm, 

n”D 1.5045, which crystallized immediately and had m.p. 35-36° [1} the yield was 26%, The diketone (I) was 
obtained in 25% yield by oxidation of pure 1,3-cis-cyclopentenediol by the same procedure, 


Found % C 61.98; 61.92; H 4.56; 4.62 CgH,O,. Calculated % C 62.50; H 4,16 


Condensation of 1,3-Cyclopentenedione (I) with Butadiene, A solution of 2.5 g of 1,3-cyclopentenedione 
(I) and 15 g of butadiene in 15 ml of benzene with a small amount of pyrogallol added was kept at room tempere 
ature for two weeks, The crystalline precipitate was collected by filmation to yleld 2.46 g of adduct (V) which 
had m.p. 157.5-158.5° after recrystallization from absolute methanol. 


Found % C 71.90; 71.87; H 6.63; 6.71 Calculated C 71.98; H 6.71 


1,3-Hydrindandione (VI) and Its Oxidation, A solution of 1.62 g of (V) in 50 ml of alcohol was hydrogen= 
ated over a Pd catalyst, Hydrogenation ceased after the absorption of 1 mole of hydrogen; the solvent was removed 
_ tw yield 1.63 g of 1,3-hydrinancione (V1), which had m.p, 86-86,5° after recrystallization from absolute methanol, 


Found %c C 70.73; 71.01; H 8.18; 7.97 CyH,;O,. Calculated % C 71.02; H 7.95 


For the oxidation, a cooled solution of 1 g of bromine in 17 ml of 10% NaOH was gradually added (over 15 
minutes) to 4 cooled solution of 0.45 g of 1,3-hydrinandione (VJ) in 3.5 ml of 10% NaOH, The mixture was stirred 
at 0° for 1 hour, the neutral products extracted with ether, and the alkaline solution saturated with SO, and evapore 
ated in vacuum to half of its original volume, The precipitate was collected by filtration and extracted carefully 
with dry acetone, Removal of the acetone by distillation yielded 0.1 g of cis-cyclohexane-1,2-dicarboxylic acid 
with m.p. 1865-1875", which did not depress the melting point of an authentic sample [3}, 


Condensation of 1,3-Cyclopentenedione (1) with Isoprene, A solution of 0.48 g of 1,3-cyclopentenedions 
(1) and 3.4 g of Lsoprene in 5 ml of benzene with a small amount of pyrogallol added was kept at room temperse 
ture in an ampoule for a month, The benzene was removed in vacuum and treatmentof the residual ofl with ethes 
yielded 0.71 g of a crystalline reaction product with m.p. of which from 
gave pure adduct (VII) with m.p, 64,6-85.5> 
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Found C 13.15; 72.89; H 7.49; 7.47 Calculated C 13,14; H 1.37 


Condensation of 1,3-Cyclopentenedione (I) with Cyclopentadiene, To a solution cf 0.24 g of 1,3-cyclopene 
tencdione (I) in 3 ml of benzene was added 1.2 g of freshly distilled cyclopentadiene and the crystalline preciple 
tete of reaction product collected by filtration, We obtained 0.40 g of adduct (VIII), which had m.p, 178-178.5° 
after recrystallization from absolute methanol, 


Found C 74.10; 14.36; H 6,22, 6.16 Calculated C 74.05; H 6,22 


A solution of 0.16 g of adduct (VIII) in 10 ml of absolute alcohol was hydrogenated over Pd catalyst, Hy- 
drogenation ceased after the absorption of 1 mole of hydrogen; the solvent was removed by distillation to yleld 
0.15 g of endomethylene-1,3-hydrindandione (IX), which had m.p. 166-166,5° after recrystallization from absolute 
methanol, 


Found $e C 13.46; 13.45; H 7.40; 7.22 Calculated %C 73,14; H 7.37 


Condensation of 1,3-Cyclopentenedione (I) with 1-Vinyl-A‘-cyclohexene, To a solution of 0.48 g of 1,3- 
cyclopentenedione (I) in 2,5 ml of benzene was added 1.62 g of 1-vinyl-4"-cyclohexene [4] and the mixture kept 
at room temperature for a week, The benzene was removed and the thick dark ofl treated with dry ether to yield 
0.6 g of a crystalline product with m.p. 113-117°. After spcongpget’ from nitromethane, the pure adduct (X) 
had m.p. 120-121°, 


Found %z C 16.20; 76.28; H 7.80; 7.75 CysHyeOpe Calculated 4 C 16.44; H 7.90 


Condensation of 1,3-Cyclopentenedione (I) with 6-Methoxy-1-vinyl-4 3-4~dihydronaphthalene, To a solu 
uon of 0.46 g of 1,3-cyclopentenedione (I) in 2.5 ml of benzene was added a solution of 1 g of 6-methoxy- 
1-vinyl-4 %.4-dihydronaphthalene [5) in 2.5 ml of benzene and the mixture left at room temperature for a day, We 
obtained 1 g of a crystalline reaction product with m.p, 205-207° (with decomp.). After re from abe 
solute methanol, adduct (XI) had m.p. 206.5-207.5°. 


Found % C 76.49; 16.32; H 6.63; 6.46 Cy,H,,O5. Calculated 4 C 76.57; H 6.43 
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REACTION OF AZODICARBOXYLIC ESTER WITH 
GEM-DIALKYLBUTADIENES 


R. Ya. Levina, Yu. S. Shabarov, and M. G. Kuz‘*mia 
M. V. Lomonosov Moscow State University 
(Presented by Academician A, N. Nesmeyanov, December 14, 1959) 


Translated from Doklady Akadem{{ Nauk SSSR Vol, 131, No. 5, PP. 1080-1083 
April, 1960 


Original article submitted December 12, 2980 


Continuing an investigation of the decomposition of alkyltetrakydropyridazines [1], we attempted to syn- 
thesize gem-dialkyltetrahydrupyridazines from the adducts of azodicarboxylic ester and gem-dialkylbutadienes, 


The reaction of axodicarboxylic ester with dienes of this structure was described by Diels et al, [2] and 
later by vs [3]. As the gem-dislkylbutadienes, we used 2,4-dimethyl-1,3-pentadiene [2, 3}, 2-methyl-2,4-hexae 
diene [3] and 2,5-dimethyl-2,4-hexadiene [3}. To the addition product we assigned the structure of 1,2-dicare 
bethoxy-A ‘-tetrahydropyridazines — we considered that in this case the reaction proceeded according to the nore 
mal scheme for diene synthesis; ; 


In the present work it was shown that the adducts of azodicarboxylic ester and gem-dialkylbutadienes ace 
tually have an acyclic structure (are not derivatives of tetzahydropyridazines), and are monosubstimted hydrazo- 
dicarboxylic esters, f.e., the reaction of gem-dialkylbutadienes with azodicarboxylic ester does not proceed sce 
cording to a diene synthesis, but is a substitutive addition, Thus, for example, 2,4-dimethylpentadicne reacs with 
azodicarboxylic ester in the following way. . 


Cit, 
HNCOOCG,H, 


The structure of adduct (I) obtained was established by a study of some of its conversions, When hydrogensted 
in the cold it added 2 moles of hydrogen per mole of adduct and thus the molecule contained two double bonds, 
Hydrolysis of adduct (I) led not to 3,3,6,6- ~tetramethyl-A‘ -tetrahydropyridazins (as should be the case had the ade 
dition proceeded according to the dienesynthesis), but to the monosubstituted hydrazine (IL), The presence of the 
NH, group in the lates was established dy the preparation of the benzylidene derivative (IV) from ft, 


BH 


| 
N 
_NCOOG Hs 
; 


~ 


The reaction of azodicarboxylic ester with 2,4-dimethyl-2 .3-pentadiene, which contains two types of methy] 
group, could form two addition products Va and Vb (in actual fact, a mixture of these compounds was apparently 
obtained). However, on hydrogenation they are both converted to the same substituted hydrazodicarboxylic ester 


(VI: 


CHs NOOOCG,H, 
HNOOOCG,Hs 


i On hydrolysis, the latter formed a monosubstituted hydrazine (VII), which gave a benzylidene derivative 
(VI) and also reacted with mercuric oxide to liberate — and form ee (this reaction is 
typical. of monoalkylhydrazines [4}}. 


CH, CH,—NH | 


CH, 
HNCOOGH, on’ ‘ar 


(vii Ne 


(vith 


4 
4 ~+CHs 
N = CHCGH NOs 
(Va) 
NODOGHs CH, CH; 


The reactions described quite definitely demonstrate the acyclic structure of the eddition products of geme 
dialkylbutadsenes and azodicarboxylic ester, It is evident that the dienes we studied react with azodicerboxylic 
ester through one of thelr methyl groups, ‘ 


The capacity of azodicarboxylic ester to undergo a substirutive addition with monoolefins has been described 
in the Iterature [5-&} It was shown that the reaction occurs at the carbon atom in a position a to the double 


bond [6}. 


N COOG,H, ¥ COOGHs 


é NCOOGH, HN COOGH, 


The substitutive addition of olefins to maleie anhydride, which has been studied in much more detafl, alto 
occurs at the a-position (8), However, while maleic anhydride react inthis way only at 200-250°, in the case 
of the more active azodicarboxylic ester, the reaction occured at only 20-50%, 


Thus, in the present work it was established for the first ume that 1,1-dialkylbutadienes react with azodi= 
carboxylic ester not through thelr double bonds, but _—r a labile a in the a-position (by a substitutive 
addition), 


EXPERIMENTAL 


Adducts of Gem-dialkylbutadienes and Azodicarboxylic Ester, To a solution of 0,2 mole of diene (2,4- 
dimethyl-1,3-pentadiene or 2,5-dimethyl-2,4-hexadiene) in 50 ml of anhydrous benzene was added 35 ml of azo- 
dicarboxylic ester (heat was evolved) and the mixture left at room temperature for 5-7 hours, The benzene was 
then removed by distillation and the residue vacuum distilled in a stream of nitrogen, The adduct of 2,4-dimethyle 
1,3-pentadiene (V) was apparently a mixture of two isomeric esters, The yield 
was 10-75% and the product had b.p, 172°175°/10 mm; n™D 1.4760; 1,0637; MR 71. 68; sfor Fg 
culated® 71.77. 


Found % C 57.54; 57.37; H 8.33; 8.15 CysHy,O,Ny. Calculated 4: C 57.74; H 8.21 
Literature data [2} b.p. 136°/0.4-0.5 mm, : 


The Adduct of 2,5-Dimethyl-2,4-pentadiene (1; ester) 
had b.p, 185-187/ 15 mm; 1.4738; 1.0390; MR, 16.90;for calculated 76,39, 


Found C 59.01; 58.98; H 8.50; 8.37 Calculated C 59.13; H 8.52 


Hydrogenation of Adducts, The adducts were hydrogenated in the cold (in a long-necked hydrogenation 
flask) in absolute alcohol (40% solution) in the presence of a platinum catalyst, After 8-12 hours, 1,85-1.95 moles 
of hydrogen had been absorbed per mole of adduct, The catalyst was removed by centrifuging, the alcohol eva= 
porated, and the residue vacuum distilled in a sueam of nitrogen, . 


2,4-Dimethyipentyl-1-hydrazodicarboxylic Ester (VI; from on adduct of 2,4-dimethyl-1,3-pentadiene) was 
obtained in 92% yield. It had b.p. 169-170°/10 mm, 1.4530; d™, 1.0207; MRp 72.64 for calcule 
ated 72,70, 


Found $< C 56,90; 56.82; H 9.50; 9.44 CygHyO.Ng. Calculated % C 56,91; H 9,65 


2,5-Dimethylhexyle1-hydrazodicarboxylic Ester (0; from the adduct of 2,5-dimethyl-2,4-hexadiene) was 
obtained In 90% yield, Ithad b.p. 175-176°/8 mm; n™D 1.4570; d™ 1.0120; MRp 77.61; for cale 
culated 77.82, 


Found % C 88.41; 58.45; H 9,50; 9.44 Calculated % 58,31; H 


ef 


* The atomic refraction of nitrogen was taken as 2,48 here and subsequently [3}, 
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Hydrolysis of Hydrazodicarboxylic Esters, The adduct of 2,5-dimethylhexadiene and azodicarboxylic ester ~ 
(I) and the hydrogenated adduct of 2,4-dimethyl-1,3-heptadiene (VI) were hydrolyzed, ° 


To a solution of 0.1 mole of hydrzzodicarboxylc ester In 40 ml of ethyl alcohol was added a solution of 
29 g (0.5 mole) of potassiurn hydroxide 12 50 ml of alcohol and the mixture heated for 3-4 hours on a water bath, 
The potassium carbonate precipitate was removed with suction and washed with ether; the solvent was distilled 
from the filtrate and the residue vacuum distilled in a stream of nitrogen, 


2,5-Dimethyl-2,4-hexadlenyl-1-hy¢razine (Ii); from the adduct of 2,5-dimethyl-2,4-hexadienc) was ob- 
tained as a viscous oll, which distilled with decomposition, was unstable in alr, and had b.p. 88-90°/20 mm, The 
derivative (IV) had m.p, 303° (from acetic acid). 


Found Gx C 66,00; 65.83; H 7.03; 6.88 CysH,,O,N,. Calculated $C 65.91; H 7.01 


2,4- ~Dimethyipentyt=a-hydrasing (VI; from the hydrogenated adduct of 2,4-dimethyl-1,3-pentadiene) had 
b.p. 84-25°/ 25 mm; 1.4550; 0.8533; MRp 41.40; for calculated 41.68 


Found %« C 65.30; 65.36;H 12.60; 12.60; N 21.91; 21.87 GHyNs. Calculated Je 65.60; H 12.60; N 21.80 
The p-nitrobenzylidene derivative (VIL) had m.p. 112-113° (from acetic acid), 
Found % C 63.70; 63.65; H 8.01; 7.87 Calculated C 3.85; H 8.06 


Oxidation of 2,4-Dimethylpentylel-hydrazine, With vigorous stirring, 32.5 g (0.15 mole) of yellow mercuric 
oxide was gracually added to a solution of 13 g (0,1 mole) of 2,4-dimethylpentylhydrazine in 50 ml of ether, 
There was evolution of heat and vigorous evoluuion of gas (2,0liters, SS% Ny). When the reaction was complete, 
the ether solution was decanted from the precipitate of metallic mercury and excess mercuric oxide and dried 
with calcium chloride, the ether distilled with a tall fractionating column, and the residue distilled to yield he 
2,4-dimethylpentane formed (72% yield). The product bad b.p. 79-80°/752 mm; n™D 1. 3830; d™, 0.6745, 
Literature data (3} b.p. 80.7°/ 160 mm; 1.3821; 0.6738, 
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In continuing our investigations of tautomerism in cyclic 2-nitro-1,3-diketones [1, 2], we studied 2-nitro= 
dimedone (I, Ry = Ry = CH;), 2-nitro-5-phenylicyclohexane-1,3-dione (2-nitrophendione; 1, Ry = H, Rg = CgH,), 
and their anions and some related compounds, During the Investigations we determined the structure of these come 
pounds and also the difference between the three nitration products of phendione: a compound with m.p, 120-121", 
obtained by recrystallization from benzene, a compound with m.p. 131-132°, obtained by precipitation from satur 
ated aqueous solution with hydrochloric acid [3], and a compound with m.p. 119-120°, obtained by recrystallizae 
tion from aqueous solutions, but corresponding in elementary composition to a product with one molecule of water, 


infrared spectra were plotted for the substances in the solid state (suspensions in paraffin of1) and in chloro- 
form solutions; the ultraviolet spectra were plotted for 10™ M solutions of the compounds in H,O,CH,OH,or 
| CHCl,. Polarograms were plotted for 10™ M aqueous solutions of the. substance in Britton and Robinson's buffer 
solutions with a base electrolyte of 0.1 N KCl. The experimental data are summarized in the table, The infe 
red spectra show that 2-nitrodimedone and 2-nitrophendione have the same structure in chloroform, namely, the 
form of a nitro enol, where the hydroxyl group is involved in a strong intramolecular hydrogen bond, 


Of the separate absorption frequencies, the frequency at ~1540 cm”? should be ascribed to oscillations of 
the nitro group, the frequency at ~ 1570 cm™! to oscillations of the C—C bond, reduced in comparison with che 
enol ether of dimedone, and the frequency at 1690 cm™ to oscillations of the carbonyl group, increased in come 
parison with the oscillations of a nocmal conjugated carbonyl, The latter i explained by some change in the 
multiplicity of the C = C bond due to the formation of a strong intramolecular ads which is the reason for the 
decrease in the conjugation of the carbonyl and the double bond, : 


That the molecules of 2-n{trodimedone and 2-n{trophendione have identical structures in chloroform solue 
tions is also confirmed by the similarity of their ultraviolet absorption specta, Within the range 2370-2500 A, 


both compounds have an absorption band at 2930 (2960) A, caured by the chromophore grouping b.xo, 


but not the absorption maximum for the grouping Scud-d=o due to the strong absorption in chloroe 
form, In the cate of 2-nitrodimedone, the infrared absorption spectrum of the solid substance differs noticeably 


. 
| 
i 
. S85 


Infrared absorption in 
n brac 


} la 
Compound = wave 
solid H,0 CH,OH iny 


2-Nitrodimedone® 4823 (1008; 2620 (1,50)%; 
1625 (94); 3390 (1,34) 
1661 (83) 690 

(m.p : 
(85) 
2-Niu ndi i $823 2810 (1,48); 

$652 (88) 
NH, salt of 2-nitro-}] 
m.p. 
NH, s2!t of 2-niuo- {$77 
- - 1540 
| 
1748 (8) 


byl et 1613 (83); 


* Potassium salt in aqueous solution ~ 2610 A (1.52) and ~3400 A (0,23) M3] 
°° When the solution stood, € fell rapidly (to 0.11 ina day), 
°°° The wave fell rapidly ae the solution stood, 


from the spectrum of the chloroform solution, The spectrum shows that 2-nitrodimedone also exists in the nitro 


enol form in the sclid state, but in this case intermolecular rather than intramolecular interaction of the groups 
predominates, 


Oa the other hand, the infrared spectra of solid 2-nizrophendione indicate firstly that the two modifications 
with different melting points (131-132° and 120-121°) have the same structure and, secondly, that the sructure is 
close to the state of the molecule in CHCl, solution, Le., is a nitro enol with an intramolecular hydrogen bond, 
though viere may also be intermolecular interaction to some extent, The difference between 2-nitrophead!tone 
ard 2-nitrodimedone in the solid state may be explained by crystallochemical factors and also hindrance to inter= 
molecular interaction with 2-nitophendione due to the presence of the large phenyl radical, In the region of © 
2400-4000 em”, nothing could be detected apart from oscillations of the C—H bond in the case e of both compounds 
investigated; ir is possible that C—H and OH oscillations overlapped, 


The third modification of 2-nitrophendione with m.p. 119-120°, which we first thought to be identical with 
the modification with m.p, 120-121°, has a completely different structure, However, the strong depression of a 
mixed meltung point, the presence of an additional molecule of water in the molecular composition, the lack of 
color in alkaline solutions, and spectroscopic and polarographic data convinced us that the formation of a “hye 
drate* involved opening of the six-membered ring and that the substance was 
acid (IV), This was demonstrated by its infrared spectrum, where the frequency at 1566 cm" * corresponds to higher 
otcfllations of the nitro group (due to the effect of the neighboring carbonyl), the frequency at 1695 cin™ to the 
group, and the frequency at 1728 cm”! to high oscillations of the carbonyl ,due to the effect of ths nitro 
_ group. Asan a-nitro ketone, compound (IV) rapidly decomposes in aqueous solutions [4] to give nimomethane 
and 6-phenylglutaric acid, which is demonstrated by infrared specta and polarograms of the coluvom, When the 
— solution was stored, the maximum at 3300 A fell rapidly and ell absorption in the near ultraviolet had disappeared 
after a week, Freshly prepared solutions of the substance gave @ polarographic wave with B, 7 0.49 v (pH &), 
which fell rapidly and a new wave with ~0.54 (pH 8) appeared; the tonitomethane [6}, 


| 
= | 
i 
- 2930 (0, 
—1,16—0,009 
pH 
—0,11—0, 003 
(1,69 
12500 (1,82) 
—0,12—0.07% 
| 


Consequently, when 2-nitrophendione {s boiled in aqueous solutions, the ring {s opened readily with the formation 
of G-nitro-3-phenyl-5-hexanonolc acid, which fs unstable in aqueous solutions, 


The infrared spectra of solid ammont{um salts of 2-nitrodimedone and 2-nitrophendione indicated the exis 
tence of the moomeric anion (IJ), where the charge {is disuibuted between the two carbonyl and the nitro groups, 
The proportions of the charges 5, 5°, and 5°, localized on separate centers, are difficult to evaluate as yet, but 
it can be assumed that in the given systems the electron density on the carbonyl groups {s strongly decreased,as is 
indicated by the hypsochromic displacement of the K band in the ultraviolet spectra in comparison with the unsube 
stituted enolate anion [6] and the dispJacement of the characteristic frequencies of the enolate anfon (1500-1520 
cm‘) (7) toward higher values in the infrared spectra, At the same time, on comparing the displacements of the 
maxima of the infrared and ultraviolet absorption spectra of the anions of 1,3-cyclohexanediones and thefr nitro 
derivatives on the one hand, and of 1,3-indandione [8) and 2-nitro-1,3-indandione [ultraviolet absorption maxima, 
in aqueous solutions,of 2270 A (1.83), 2410 (1.56 infl,), 3030 (1.16) and 3470 (1.87)] on the other, it seems pro- 
bable that the distribution of electron density in mesomeric 2-nitro enolate anions is different and in the case of 
anions of 2-nitro-1,3-cyclohcxanediones the distribution corresponds more to the enolate anfon rather than the 
aci-nitro form, which fs the case in 2-nitro-1,3-indandione [2}, 


2-Nitro-2-inethyldimedone (III) was chosen as 2 model substance of the nitro diketo form; in this case the 
frequency at 1560 cm™! was ascribed to oscillations of the nitro group and the frequencies at 1715 cm”! to oseile 
lations of the carbonyl groups, A comparison of 2-nitro-2-methyldimedone with 2,2-dimethyldimedone shows 
that the frequencies of the carbonyl groups in a-nito ketones are high in comparison with the normal carbonyl 
frequency; in their turn, the frequencies of the nitro group here are also increased (from 1540 to 1560 cm™), A 
similar effect of the interaction of a nitro group with an a-carbonyl on the infrared spectrum {s also demonstrated 
by some literature data [9, 10} 


A comparison of 2-nitrodimedone and 2-nitrophendione with 2-nitro-1,3-indandione [2] leads to the cone 
clusion that thesc compounds differ fundamentally in structure, While the first two are nitro enols in the solid 
state, the last exists in the form of a nivo diketone or an ionized nitronic acid, While anions of 2-nitrodimendone 
and 2-nitrophendione salts are apparently close to the structure of an enolate anion, the anion of 2-nitro-1,3- 

" {ndandione corresponds almost completely to the structure ef the anion of the aci-nitro form, Potentiometric 
measurements showed that in aqueous solutions, 2-nitrodimedone and 2-nitrophendione are acids with dissociation 
constants of the order of 107, i.e., are approximately equal in strength to formic acid, while 2-nitro-1,3-indan- 
dione is a sworg acid which is completely dissociated at all concentrations, 


Some confirmation of the difference in structure between the anions of 2-nitrodimedone (2-nitrophendione) 
and 2-nitro-1,3-indandione is also given by their polarographic behavior,as the “nitro group” in the first two anf 
ons is reduced somewhat more readily than the *nitro group” {n 2-nitroindandionate, despite conjrgation with the 
aromatic ring in the molecule of the latter, which makes it much easier to reduce the carbonyl in 2-nitroindandl= 
onate than in 2-nitrodimedonate and 2-nitrophendionate [11}. 


The differences in structure presented above may be explained {f it is assumed that 2-nitrodimedone and 
2-nitrophendione have a stable six-membered ring, while the molecule of 2-nitro-1,3-indandione contains # more 
straired five-membered ring, where the endocyclic double bonds are less favored than exocyclic ones (2), There= 
fore, in the case of 2-nitro-1,3-indandione there is a tendency for the tormation of the keto nitronic acid, while 
in the case of the alicyclic six-membered nitro 6 -diketones, the formation of the nitro enol {s possible, 


The ultraviolet spectra were plotted by A. Grinvalde and M, Tiltia, 
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As we described previously, ferrocenylboric and 1,1*-ferrocenylenediboric acids [1] may be used for the 
synthesis of various ferrocene derivatives, 1,1°-Ferrocenylenediboric acid was used to prepare disubstituted ferro= 
cene derivatives with identical substituents in the cyclopentadienyl rings. The zeplacement of only one KOH): 
group by halogen leads to 1-(1*~haloferrocenyl)-boric acids, which are interesting as starting materials for the syne 
thesis of some ferrocene derivatives with different substiwents in the two cyclopentadienyl rings, 


In the present work it was shown that the reaction of 1,1"=ferrocenylenediboric acid in a benzene—water 
ture with cupric chloride or bromide, in an amount equivalent to one — group, forms -- iia 
and 1-(1 acids, 


(om, XGHF CHB (OH) 


where X Cl o¢ Br, 


The structure of 1-(1*-haloferrocenyl)-boric acids was ccnfirmed by the formation of oe corresponding halo= 
ferrocenes when they were hydrolyzed in the presence of zinc salu, 


1-(1"-Haloferrocenyl)-boric acids reacted like arylboric acids with mercury salt to form: the corresponding 
mercury compounds of ferrocene, 1-({1*-chlorofexroceny])}-mercuric chloride and 1-(1*-bromoferrocenyl)-mercuric 
bromide, which were readily symmetrized by sodium thiosulfate to di-1-{1*-chloroferrocenyl)}-mercury and di-le 
By the action of iodine on these crganomercury compounds of ferrocene, accard- 
ing to the procedure described for ferrocenylmercuric chloride [2], we obtained the previously unknown ieee 
1-iodoferrocene and 


In an attempt to prepare heteroannular teenies by the actioa of of cope chloride oa 1-1 
bromoferrocenyl)-doric acid, we isolated 1,1"-dichloroferrocene, 


This reaction confirmed he ete of repacement of ferrocene nucleus in the presence of coppat™ 
salts, which we found previously 
Acid, Into a flask with stirrer and ‘reflux condenser was placed 3.1 g of 
1,1'-fesrocenylenediboric acid, moistened with 7 ml of methanol, and 4,7 g of CuCl,+2H,0 (20% excess) in 76 mal 
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of water and 60 ml of benzene added, The mixture was bolled for 2.5 hr, then cooled, and the unreacted 1,1"= 
ferrocenylenediboric acid removed by filtration, The benzene layer was separated and the aqueous layer used fora 
repeat of the operation with the unreacted 1,1*=ferrocenylenediboric acid, with the addition of 70 ml of benzene, . 
The aqueous layer was then separated from the benzene again, saturated with NaCl, and extracted with ether. The 
benzene and ether extracts were combined and evaporated to 50 ml, The 1~{1"=chloroferrocenyl)-boric acid was 
extracted with 10% KOH solution and the alkaline solution washed twice with ether and acidified with 10% H,SO,. 
The precipitated 1-{1 *-chloroferrocenyl)-boric acid was collected by filuation, washed with water, and dried over 
65% H,SO,. The yleld of 1-(1*-chloroferrocenyl)-boric acid was 1.56 g (52% of theoretical), The acid was suffici- 
ently pure for further work, it was recrystallized from water or aqueous alcohol, but did not have a shazp melung 
point; it had m.p, 159-161° (when introduced in a capillary into a previously heated apparatus), 


Found % C 45.53; 45.40; H 3,72; 3,77; Cl 13.76; 13.49; Fe 20.76; 20.85; B 4.02; esthiiaatinti 
Calculated % C 45.45; H 3.81; Cl 13.42; Fe 21.13; B 4.09 


1-(1'-Bromoferrocenyl)-boric Acid, Similarly, from 4 g of 1,1°-ferrocenylenediboric acid, 6 ml of methanol, 
8 g of Cubry in 120 ml of water, and 100 ml of benzene we obtained 2.9 g of 1-(1"~bromoferroceny!)-boric acid 
(65% of theoretical), The substance was recrystallized from water or aqueous alcohol, In the melting point detere 
mination, the substance softened at 130°, solidified again, and melted at 155-157". 


Found %& C 38.85; 39.03; H 3.22; 3.37; B 3.50; Br 25.42; Fe 18.05 C,,H;,BrFeBO,. Calculated % C 38.29 
H 3.26; B 3.50; Br 25.88; Fe 18.09 


Hydrolysis of 1-(1'-Haloferrocenyl)-boric Acids, To 0.16 g of 1-(1*-chloroferrocenyl)-boric acid in 50 ml 
of water was added.0.25 gof ZnCl). The mixture was steam distilled to give chloroferrocene, which was extrac~ _ 
ted with ether and the ether evaporated from the extract. We obtained 0.10 g oi chloroferrocene (79% of theoredic~ 
al) with m.p. 52-54°, which rose to 57-58° when the substance was recrystallized from — a mixed saat 
point with authentic chloroferrocere was not depressed, : 


Similarly, by hydrolysis of 0.20 g of 1-(1 heneshiimeanayenie acid, in the presence a 0.4 g of zinc 
bromide, in 40 m) of water we obtained 0.15 g of bromoferrocene (88% of theoretical) with m.p. 28,5-30.5°, which | 
Tose to 32-33° when the substance was recrystallized from methanol; a mixed melting point with authentic bromo- 

' ferrocene was not depressed, 


Chloride, To a solution of 0.27 g of acid 
in 5 ml of alcotol with 50 ml of water was added an aqueous acetone solution of 0.28 g of mercuric chloride, A 
yellow precipitate formed, The mixture was heated for a further 5 minutes and then the precipitate collected, 
washed with water, and dried in vacuum over P05. We odtained 0.41 g (88% of theoretical) of 1-(1"=chlorofexro- 
cenyl)-mercuric chloride with m.P. 141-143°, which rose to 144.5-145° when the substance was recrystallized fom 
acetone, 


Found i: C 26.48; 26.85; H 1.78; 1.92; Cl 15.58; 15.49; Hg 43.41; 43-54; Fe 12,33; 12.38 CyyH,ClyHgFe. 
Calculated %& C 26,36; H 1.77; Cl 15.57; H 44.04; Fe 12,28 


Bromide, Similarly, from 0.30 g of 1-(1*-bromoferrocenyl)-boric acid 


and 0.36 g of HgBrs we obtained 0.46 g of 1-1 *-bromoferrocenyl)-mercuric bromide (84% of the theoretical) with 
m.p. 142.5-145°, which rose to oe when the substance was soceyraltions from acetone, 


Found C 22.17; 22.18; H 1.41; 1.48; Br 29.20; 29.15; Hg 36.01; 96.37; Fe 10.39; 10,62 
Calculated %& C 22.06; H 1.48; Br 29.35; Hg 36.84; Fe 10.28 


These mercury compounds were yellow crystalline substances, which were soluble in acetone, benzene, and 
chloroform and more difiicultly soluble in ether and alcohol, 


chloride (0.33 g), moistened with 
acetone, in 20 ml of 50% sodium thiosulfate solution was shakenfor several hours, The die-l-(1"=chloroferrocenyl)= 
mercury was then collected by {ftration, washed with water, and dried over P;O,, The yield was 0.21 g (SSH of 
theoretical) and the m.p. 146-147°, which rose to 151-152* when the substance was — from 6 mize 
ture of xylene and hexane (with rapid cooling of the solutica), 


Found % C 37.57; 37.56; H 2.63; 2.60; Cl 11,06; 11,20; Hg 31.00; $1.03; Fo 17,84; 17.92 Cyst Clytig Fey, 
Calculated %& C 37.55; H 2.52; Cl 11.08; Hg 81.33 Fe 17.49 


| 


Di-1-(1*-bromoferrocenyl)-mercury, Similarly, from 0.35 g of 1-(1'-bromeferrocenyl)-mercuric bromide 
in 20 ml of 50% sodium thiosulfzte solution we obtained 0.245 g (94% of theoretical) of di-1-(1"-bromoferrocenyl)- 
mercury with m.p. 134-135", After recrystallization from nitromethane, the substance had m.p, 135-136°, 


Found 4% C 32,93; 33.28; H 2.04; 2.10; Br 21.69; 21.83; Hg 27.23; 27.34; Fe 15,19; 15.45 CysHysBrgligFeg. 
Calculated %: C 22.97; H 2.24; Br 21.94; Hg 27.54; Fe 15.33 


The symmetrical 1-1 *-haloferrocenyl)-mercury compounds partly decomposed when heated in xylene or 
nitromethane solutions, Thus, bromoferrocene was isolated after di-1-(1*-bromoferrocenyl)-mercury had been 
heated in xylene and therefore these substances were recrystallized with high losses, 


1*-Chloro-i-Sodoferrocene, To a solution of 1,00 g of 1-(1'-chloroferrocenyl)-merscuric chloride in 10ml 
of hot xylene was added a solution of 3 g of lodine in 10 ml of xylene, After the mixture had cooled, the black 
precipitate was collected by filtration, washed with alcohol, and shaken in a separating funnel with a solution of 
45 g of codium thiosulfate in 200 ml of water and ether. The yellow ether solution was filtered and the ether 
evaporated to yield 0.49 g of 1'-chloro-J-{odoferrocent (64% of theoretical) with m.p, 38-40°. A saturated solue 
tion of it in methanol at 40° was cooled with a mixture of dry ice and acetone to give yellow crystals with m.p. 
42-44", 


Found % C 34.63; 34.83; H 2.27; 2.35; Fe 16.28; 16.44; total halogens 47,19; 47.24 CygH,CliFe. Calculated 
% C 34.67; H 2,33; Fe 16.12; total halogens 46.87, 


1'-Chloro-1-{odoferrocene was readily soluble in organic solvents, 


1'-Bromo=-1-jodoferrocene, Similarly, from 0.80 g of 1-{1°-bromoferrocenyl)-mercuric bromide in 10 ml 
of xylene, and 3 g of iodine in 10 ml of xylene, we obtzined 0.44 g¢ (16% of theoretical) of 1*-bromo-1-lodoferro=- 
cene with m.p. 25-26°; cooling a saturated methanol solution of 1*-bromo-1-iodoferrocene with a mixture of dry 
ice and acetone yielded yellow crystals with m.p. 23-30%, 


Found % C 30.62; 30.53; H 2.21; 2.22; Fe 13.87; 14.13 C,,H,BrIFe. Calculated % C 30.73; H 2.06; Fe 14.19 


1'-Bromo~-1-lodoferrocene was readily soluble in organic solvents, 


Action of Cupric Chloride on 1-(1'-Bromoferrocenyl)-boric Acid, 1,1°-Dichloroferrocene, A mixture of 
1 g of 1-{1"-bromoferrocenyl)-boric acid and 1.7 g of cupric chloride in 120 ml of water was placed In a steame 
distillation Mask, After steam distillation, the 1,1*-dichloroferrocene was extracted with ether and the ether 
evaporated from the extract. We obtained 0.60 g of 1,1°-dichloroferrocene with m.p. 72-74°, which rose to 15-1T° 
when the substance was recrystallized from alcohol; a mixed melting point with an authentic sample was not de 
pressed and the C and H analyses corresponded todichloroferrocene, _ , 
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KINETICS OF HYDRODESULFURIZATION REACTIONS 
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Original article submitred December 8, 1959 
The information in the Iiterature on the kinetics of hydrodesulfurization reactions of organosulfur compounds, 
which are important in technology, is Umited to ame on — dibenzothiophene, and octahydrodibenzothlo= 
phene 1-4}. 


In t' > present work the results of a systematic study of the kinetics of hydrogenolysis of a series of sulfides 
and thiophenes in the presence of an aluminum—cobalt—molybdenum catalyst, The experimental procedure, 
analysis methods, and kinetic ueatment adopted in our laboratory have been described previously [4} As an exe 
ample, Fig. 1 gives curves for the relation between the degree of conversion and the conventional contact time 
for 2,4,6,8-tetramethyl-5-thianonane, The nature of these curves is typical of all the organosulfur compounds 
we studied, 


The hydrogenolysis was described well by the equaticn proposed in a general form by Frost and Kazeev. 
The. parametess of these equaticns which we found are given in Table 1, An examination of these parameters 
shows that organosulfur compounds may be hi 28 in the pais series in order of increasing rates of hydro= 


genolysis; 


(A) 
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Fig. 1, Kinetics of hydrogenolysis of 2,4,6,8-tetra= 
methyl-5-thianonane at T = 375°, P,,, = 40 atm, 
and Py, = 33.3 atm, 1) Hydrogen sulfide sulfur; 

ll) sulfide sulfur; II) mercaptan sulfur, 
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Fig. 2, Kinetics of the hydrogenolysis of a mixture of 
a-propyl-thiophane (0.51%), a-hexylthiophane (0.46%), 
2,4,6,8-tetramethyl-5-thianonane (9.46%), 1,3-dl- 
methyl-1-(phenylthio)-butane (0.46%), and dibenzo- 
thiophene (0.81%), dissolved in cetane, at T= 375°, 

= 40 atm, and P}y, = 33.3 aum, J) Calculated kinetic 
curves for hydrogenotysis of the mixture of sulfides; 

Il) the same for the hydrogenolysis of dibenzothiophene; 
II} the same for hydrogenolysis of the mixtures of sulfides 
and dibenzothiophene; IV) yield of mercaptan sulfisr, 


The values of the parameter a, which are pro= 
portional to the rate constants of hydrogenolysis of 
these compounds at 375° C that are of practical in- 
terest, are in the following ratios; 


(A, B, C, D, E):(F, G):(H, K, L, M): 
2N=1:2:3:4:7 


This relation gives a theoretical basis to the 
possibility of the selective hydrodesulfurization of pet- 
roleum products on an aluminum—cobalt—molybde= 
num catalyst and also the use of this catalyst in the 
group analysis of organosulfur compounds, In addi- 
ulon, it gives a quanutztive measure of the possibility 
of preferential rupture of the bond of a sulfur atom 
with carbon atoms, which makes it possible to predict 
the nature of the produces formed by hydrogenolysis, 


Fig. 3. Calculated rela- 
tions for the extent of hy- 
drogenolysis: 1) dibenzo= 
thiophene (a); the same 
with hydrogen sulfide added 
(b); the same with bie 
phenyl added; I) and IV) 
hydrogenolysis rates corres 
ponding to J and IL, 


The rate of hydrogenolysis of a mixture of organosulfur compounds was found to obey the additivity rule, as 
is confirmed by the curves in Fig. 2, This makes it possible to predict the change in — of orgenceul fur 
compounds during the hydrofining of petroleum produce, , a 


To study the effect of reaction products on the hydrogenolysic rate, we cartied out cnesnien on a the hydro= 
genolysis of dibenzothiophene, usssolved in cetane with biphenyl and hydrogen sulfide added, It was shown that the 
Iimiting extent and the rate of hydrogenolysis fell sharply when oe was added to the starting solurion of 
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~~. gent of hydrogenolysis as a fraction, and a and 8 are parameters, 


TABLE 1 


Parameters cf Frost and Kazeev’s Equations® 
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a-(1- nyl)-propylthiophane 


_ © The general form of Frost's equation is = Bry, where v, is the mean rats 


of input of the starting compound Into the reactor per gram of catalyst per hour, y $s the exe 


The general form of Kazacev's equation is In (D/D—M) ® ar?, where t is the convene 
tional contact time in sec, M 4s the extent of hydrogenolysis in pezcent, D is the Limiting 
value of M at rcp, end a and b are parametess, a 


33 
| 325 
| 375 
| 
A 373 P 
1 | 
| 
| 1.32 | | 
2.2 0,42 
2.9 0,37 
375 3.3 


TABLE 2 


Diffusion retardation 
fector, 


Reaction rate con- 
stant, mole/ g-hr 


Apparent activations 


Parameters h energy, kcal/mole 


mean grain size of catalyst 


0.3 cm 


0.06 cm 


0.3 cm 


0.06 cm 


observed 


corrected 


observed 


corrected 


315 
425 


1.65 
2.35 
3.60 


0.33 
0.47 


0.56 
0.42 


0.965 
0.93 


0:72 0.28 0.86 


dibenzothiphene, but were hardly affected by the addition of hydrogen sulfide (Fig. 3), Dibenzothfophene and its 
derivatives form aconsiderable part of the so-called “residual sulfur.” Therefore, the data obtained are of interest 
in peuoleum processing practice, as hydrofined fuels contain aromatic hycrocarbons in varying amounts, 


By special experiments we established that in the presence of aluminum—cobalt—molybdenum catalyst at the 
temperatures and pressures used in industry, the hydrogenolysis proceeds in the diffusion region and it was shown 
that when the Catalyst was made finer, the reaction moved Into the transition region (Table 2), To a certain exe 
tent these data provide a theoretical basis for the fact that it 1s profitable to carry out hydrofining in a fluid bed, 
In addition, the data obtained may find practical application in the development of new recipes for preparing 
hydrofining catalysts, 


A detailed analysis of the catalyzates showed that the main hydrogenolysis products from all the organosulfur 
compounds we studied were hydrogen sulfide and the corresponding hydrocarbon, Monocyclic aromatic hydrocare 
bons such as biphenyl [4] are not hydrogenated appreciably under the conditions we studied, _ 


These observations provide a basis for the possibility of using an Aiincoihioatiniinn catalyst 
for the analysis and identification of organosulfur compounds in peroleum product from thelr teats 
products, as is dove with Raney nickel, ; 
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Ethylmercury salts, C;H;HgX (where X fs Cl, PO,, etc.), are valuable fungicides, The industrial method of 
preparing ethylmercury salts is based on the reaction between HgX, and diethylmercury, which {n {ts turn {s obe 
tained from low-percent sodium amalgam and ethyl bromide [1-4}. In addition, the compounds C,H,HgX may be 
synthesized through organomagnesium compounds [1] and also by the action of tetraethyllead on mercury phos- 
phate [5], etc. (2) 


Our method of preparing ethylmercury salts is based on the decarboxylation of mercuric propionate under 
the action of peroxides or ultraviolet ight, 


H,COOH, H,H 


The anion in ethylmercuric propionate is readily replaced by any other anion, 


The highest yields of ethylmercuric propionate (85.8%) were obtained by reaction of mercuric propionate 
with propfonyl peroxide in propionic acid at 97-98°, The reaction was carried out in the following way. Toa 
heated solution of 10.4 g (0.03 mole) of mercuric propionate in 100 ml of propionic acid was added a solution 
of 8.75 g (0.06 mole) of propionyl peroxide in 40 ml of propionic acid® over a period of 2 hours, Whea all the 
peroxide had been added, heating and stirring were continued for a further 1.5 hours, At the end of the reaction, 
the propionic acid was distilled from the reaction mixture under reduced pressure and the residue dissolved in 
water and treated with potassium chloride solution to yield ethylmercuric chloride, The weight was 4.89 g (61.5% 
yield) and the m.p, 194°. Treatment of the raother liquor with potassium lodide solution yielded a further 2.92g 
of ethylmercuric iodide (27.3% yield) with m.p, 181°, The total yield of ethylmercury salt was 83.8%, 


The propionyl peroxide required for ‘the reaction could be prepared directly in the reaction mixture, Toa 
mixture of 10.4 g of mercuric propionate (0.03 mole), 100 ml of propionic acid, and 40 ml of propionic anhydride 
was added 10 ml of 42% hydrogen peroxide over a period of 20 min at room temperature with stirring, The mixe 
ture was stirred at room temperature for a further 25 minutes and then heated on a boiling water bath, Heating 
and stirring were continued for 2 hours, and then 5.57 g of ethylmercuric chloride (70.0%) and 0.68 g of ethyle 
mercuric lodide (6.35%) were isolated from the reaction mixture by the method described on In this case, 

_ the total yield of ethylmercuric salts was 76.3% of the theoretical, 


? The The propionic acid solution of proplonyl peroxide was prepared by the addition of 10 ml of 27% hydrogen pare 
oxide to a mixture of 52 g of propionic anhydride and 2 g of solid sodium hydroxide over a period of 1 hour —_ 
cooling with snow and water and vigorous rr 


87? 
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Mercurie propfonate {3 also decarborylated under the action of ultraviolet Light. A solution of 10.4 g of mere 
cutie propionate in 150 ml of boiling propionic acid was irradiated for 80 minutes with a PRK~4 mercury—quertz 
lamp in the apparatus described previously (6), The ethylmercury salts were fsolated by the method described 
above. We obdtained 7.27 g of ethylmercuric lodide (68.0% yield), 

It should be noted that the ylelds of ethylmercury compounds obtained in the photochemical reaction de- 
pended strongly on the irradiation time, ss the salt did not react completely with insufficient irradiation, while 
with longer irradiation, the ethylmercuric propionate formed underwent further decomposition to form metallic 
mercury. The method of preparing ethylmercury salts from mercuric propionate and propionyl peroxide is free 
from this drawback, Mercurie propionate may also be decomposed by other peroxides, for example, benzoyl pere 
oxide, However, this leads to a fall in the yleld of ethylmercury compounds and their contamination with phenyl- 
mercury salts, 

Thus, mercuric propionate Ls best decarboxylated by proplonyl peroxide, which may be prepared directly in 
the reaction mixture, This method makes St possible toobtain ethylimercury sale in high yields, 


Work on the preparation of alkylmercury compounds fs continuing, 
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Schmerling and West [1, 2] showed that die and wichlorovinyl groups may be introduced into the molecules 
of paraffins, isoparaffius, and alkylbenzenes by the condensation of ti or tetrachloroethylene with the hydrocare 
bons listed under a nitrogen pressure of 50 atm with the reaction initiated with tert-butyl peroxide, The main 
products from the reactions of uri- and terrachloroethylene with propane are 1,1-dichloro-3-methyl-1-butene and 
1,1,2-trichloro-3-methyl-1-butene respectively, and 75-80% of them are present in the reaction products, In ade 
dition to the chloroolefins, 1,1-dichloro-1-pentene znd 1,1,2-cichloro-1-pentene are evidently formed. The ree 
action with isobutane proceeds analogously and in this case, replacerent of hydrogen by chlorovinyl groups occurs 
mainly at the tertiary carbon atom, The reaction of toluene with wi- and tetrachloroethylene forms only 2,3,3¢. __ 
wichloisallylbenzene and 3,3-dichloroallylbenzene and the reaction of wichloroethylene with ethylbenzene forms 
3,3-dichloro-1-methylallybenzene, i.e., replacement of the hydrogen by di- or tichlorovinyl groups occurs at the 
a-carbon atom cf the side chain [2) However, these authors were unable to introduce a trichlorovinyl group into 
an aromatic nucleus, The reaction of terre shlorethylene with benzene uuder the conditions described above yielded 
only a small amount of hexachlorobutadiene, The yicles of chlorovinylation enaeed were 1.3-2.5 moles per mole 
of peroxide (18-45%) [2} 

In the present work we describe a new nied ef synthesizing cnnagtmniten, wenn a tichloro- 


vinyl group. This method consists of the reaction of hydrocarbons with tetrachlosoethylene in an empty quartz 
tube (flow system) at 550-590°, The reaction probably proceeds according to the following scheme; - 


le--Rli- lICi+-Re, 
CigC = CCl o--Re~R—COl 


It was previously established that trichloroallyl alcohol is formed by the reaction of tetrachloroethylene with methyi 
alcohol at 570° [3], It was found that this reaction is more general, By passing a mixture of benzene and terrachlo- 
roethylene through a tube, we were able to obtain trichlorovinylbenzene in 14.4% yield, calculated on the starte 
ing materials, and 55% yield, calculated en the benzene consumed, Part of the benzene was converted int bie 
phenyl: CgHy + C1,C = CCl, ~ + + HCl. The reaction of benzene with tichlorocthyie 
ene proceeded similarly and dichlorovinylbenzene was formed as a result, When tetrachlorethylene reacted with 
alkylbenzenes (toluene, ethylbenzene, isopropylbenzene, end p-xylenc), the trichlorovinyl group only entered the 
alkyl radical and there was no replacement ofe — atom in the benzene nucleus under these a 
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The infrared spectrum of the product from the reaction of tetrachloroethylene with toluene was plotted, The po- 
sition of the overtones of nonplanar C—H oscillation in the region of 5-6 p corresponded to those soemelly ob- 
served for monosubstituted benzenes [4}, 


In the reaction of terrachloroethylene with ethylbenzene and isopropylbenzene, the tricitoroviny! radical 
evidently replaced hydrogen not only at the a-, but also at the B-carbon atom of the side chain, Table 1 gives 
the experimental conditions and the yields of products from the condensation of tetrachloroethylene and trichloro= 
ethylene with benzene, alkylbenzenes, propylene, and jsobutyiene, The yields were calculated on the amounts 
of component taken for the reaction. When calculated on the materials consumed, the yield of ¢x{chlorovinyle 
benzene was 50%, of dichlorovinylbenzene 20-&0%, of trichloroatHyibenzene 50-80%, of the condensation product 
of teuachtoroethylene with ethylbenzene 40-75%, and of the condensation product with isopropyibenzene 20™45%, 
In the reaction of tetrachloroethylene with toluene at 570° wit an equimolecular ratio of tie components, we ob 
tained the best results in experiment No, 4, where the rate at which the substances were passed through the tube 
was 1,19 min 4, An increase in the rate led to a fall in the reaction product yield, The ylJeld of trichloroslly- 
benzene increased appreciably if the amount of tetrachloroethylene in the starting mixture of reaction components 
was twice that of toluene (experiment No, 6), A similar picture was observed in experiment on the condensation 
of tetrachloroethylene with ethylbenzene, In the interaction of tetrachloroethylene with propylene aad isobutylene 
the reaction occurred at the methyl group,and dienes with the multiple bonds in the 1,4-position were focmed a8 8 
result, 


The terminal position of the double bord in the eee part of the molecule of Sieetioniindiiiniin 
diene was confirmed by the Raman spectrum, in which the frequencies of 1640 and 3085 cm”! were detected, 

The yields nf C1,C = CC1-CH,—CH=CH,, calculated on the tetrachloroethylene consumed in the reaction,were 
45-60% and those of = CCI-CH,~-C(CH,) =CHy, 55-65%, An attempt to prepare =CCI—CH = CH, 
under anslogous conditions by the reaction of ClyC == CCl, with ethylene was unsuccessful, Coke and soot formas _ 
tlon in the reaction tube was observed in all experiments, After the starting materials and condensation product 
hss been isolated from the reaction mixture, 8 solid or resinous material remained, With equimolecular ratios 

of the reagents, when the amount of each was 1 mole, the greatest residues were observed in the reactions of tetrae 
chiocoethylene with fsopropylbenzene (20-30 g), ethylbenzene (6-15 g), toluene (3-6 g), propylene (4-5 g), end 
isobutylene (4°5 g), The properties of the condensation products are given in Table 
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- with an alr condenser and then in a water condenser, The reaction mixture was separated into componens by dis- 


TABLE 2 
np MRp Found % Cale. 
Condensation product | 
P found cale | ¢ | | 
CH,CH=CCh | 4.2095 1.5052] 46.29 | | | $9.89 13.49 
C.H,CC1-CCl, | | 102] | 49,77 
CH,CH,CHe CCl, 5.5 49.59 49,59 
GH,CH;—CCl= CCl, 022 | | | | 
| 1.2160 1.5971 | $9.43 | 59,06 | | 3.83) $1.00 
C,H,CH(CH,)}CCl= CCI, $622 | 92.29 | 59,07 | | 91.00 3.85 
CH,=CH—CH,—CCl=Cdl, * 55,20 | | 1.4952! 35,79 | 3.08 35.04 2% 
CH,= C(CH,)—CH,—CCI=CCh, | 1,280 ] 1.46947] 63.53 | 43,49. | $9.98 13.82) 98.85 3.80 


* Obtained for the first ume. 


EXPERIMENTAL . 


All the high-temperature condensations were carried out in an empty quartz tube in a catalytic electric 
furnace, Two furnaces were used; one with a length of 600 mm and an internal diameter of 40 mm and one with 

a length of 995 mm and an internal diameter of 35 mm, In the short furnace we carried out experimens with 

tubes with diameters of 18.5 mm (experiments No, 3-5, 7-9, 11, 16, and 17) and 22.5 mm (experiments No, 1, 2, 
and 6) and in the long furnace with a tube 26 mm in diameter (experiments No, 10 and 12-15). The working part 
of the tube was 100 mm less than the length of the furnace, The temperature was measured within the reaction 
tube in the middle, The space velocity of the reagent vapors was calculated from the formula V = nK/rv, where 
n is the number of moles of the substances passed through the mbe in time r, v is the volume of the reaction mbe 
(in Liters), and K fs the volume of the vapor of one mole of substance at the experimental temperature (assuming, 
that the starting materials and substances formed obey the gas laws at 530-590°), A prepared mixture of the re- 
action components was passed into the tube, but in the reaction of tetrachloroethylene with propylene and fsobutyle 
ene, the components were passed into the ube separately, At the outlet of the furnace, the vapors were condensed 


tillation on a column, If the starting materials had similar boiling point, their rato in the fractions distilled was 
determined from a graph of the relation between the percent composition of the mixture and the specific gravity 
or the refractive index. A detailed description of a few experiments is given below, 


Trichlorovinylbenzene (experiment No. 1), Over a period of 16 hr 20 min, a mixture of 149 g (1.9 mole) 
of benzene and 315 g (1.9 mole) of teachlorcethylene was passed through a tube 22,5 mm in diameter,at 590°, 
As a result we obtained 416 g of reaction mixture, from which we isolated 110 g (1.41 mole) of benzene, 200 g 
(1.2 mole) of tetrachloroethylene, and 57 g of a wide fraction, which consisted mainly of trichlorovinylbenzene 
with a ace of biphenyl. The residue (38 g) consisted of biphenyl with m.p. 70° (from alcohol), By fractional 
distillation and chromatography on a column packed with silica gel (100+200 mesh) we isolated pure trichloro= 
vinylbenzene from the wide fraction, the yield of which was 14.4%, calculated on the starting materials, 


2,3,3-Trichloroallylbenzene (experiment No, 4). Over a period of 7 hr 4 min a mixture of 45 g (0.49 mole) 
of toluene and 81 g (0.49 mole) of tetrachloroethylene was passed through a tube with an internal diameter of 
18.5 mm,at 570°, As a result we obtained 117 g of a dark-brown Iquid, On distillation,the reaction mixture 
yielded 35.4 g (0.38 mole) of toluene, 55 g (0.33 mole) of tetrachloroethylene, and 19.5 g of 2,3,3-trichlccoallyle 
benzene (see Table 2 for properties), The yield calculated on the starting materials was 18%, on the toluens cone 
sumed, £0%, and on the temachloroethylene consumed, 55%, The high-boiling residue weighed 3 g. 


L_1,_2-Trichloro-1 ,4-pentadicne (experiment No, 13). Over a period of 5 hr 48 min, 83 g (0.5 mole) of 
tetrachloroethylene and 58 liters (2.5 mole) of propylene were passed through a tube 26 mm in diameteg at 590°, 
From 72 g of the reaction mixture obtained,we isolated 44 g (0.265 mole) of tetrachloroethylene and 21 g of 1,1,2 
tichloro-1 4-pentadiene, The yield calculated on the tetrachloroethylene taken for the reaction was 24.5 % and 
that calculated on the tetrachloroethylene consumed was 52%, The resinous residue weighed 8 g. 


. 
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M, B, Ibrazimova and one of us previously showed that by the action of Raney nickelon tertiary amines and 
amino alcohols of die thiophene series it was possible to obtain aliphatic amines [1] and amino alcohols [2] with 
a comparatively long chain of carbon atoms, It seemed interesting to extend the reductive desulfurization method 
to ditertiary amines of the thiophene series so as to obtain higher alkylenediamines, which could be used for the 
synthesis of the corresponding bis-ammonium salts with a potential curariform activity. In a certain sense, in come 
parison with decamethonivm and related sale (3), haloalkylates of diamines IV and IVa, which have branching in 
the center of the chain, are a new type of these compounds, As far as we hnow, no bis-ammonium sals of this 
type have been described and there seem to be no suitable routes for synthesizing them from aliphatic compounds, 


Moreover, the presence of branching has a definite effect on the activity of some compounds with a curariform 
action [4}. 


As the starting compound for preparing the bases menifoned we used 2,2-bis-(2-thienyl)-butane, which fs 
readily formed by the reaction of thiophene with methyl ethyl ketone [5} Chloromethylation of it yielded the 
bischloromethy] derivative 1, which was usually used in the “crude® state as it decomposed considerably during 
vacuum distillation, However,judging by the fact that the reaction with amines gave a product yield of the 
order of 60%, it can be assumed that chloromethylation proceeded quite satisfactorily, The action of hexamethyl- 
enetetramine on compound J yielded the corresponding salt, which was converted into diamine LI by the usual 
method, Under quite mild conditions compound I reacted with diethylamine, piperidine, aud — to form 
diamines La, LI, and Ila, which gave dilodomethylates with methyl lodide, 


As the hydrogenolysis of dialkylaminothiophenes could be carried out with Raney nickel nL ft — probe 
able that this method could be used for preparing the higher diamincs required, However, under these condidons 
we obtained mixtures which distilled over a wide range, This may have been connected with the capacity of 
Raney nickel to ruptwre the C—N bond, We, therefore, decided to use skeletal cobalt, which may be more suite 
able then skeletal nickel for the preparation of amines, though it is less active than the nickel [6, 7}, In actual 
fact, amines Ill and Ila slowly lost sulfur when heated in methanol with a large excess of Co; when the desalfuri= 
zation process wes complete, it was possible to {solate diaminesIV and IVa by the usual method, The yield of the 
latter in the experiments described below did not exceed 30%, though we have grounds for considering that it may 
be increased by some modification of the experimental conditions, The dilodomethylates of IV and IVa were pre= 
pared from the diamines mentioned, The investigation is being continued, 


_*Decessed, 


@ (il, Ma) 
diy 
(it, 11a) (IV, 


=Re—(CH)— 
Wa, IVa Rex (CH: — 


EXPERIMENTAL 


2,2-Bis-(5-chloromethyl-2-thienyl)-butane (I). A mixture of 33.3 g of freshly distilled 2, 2-bis-(2-thienyl)- 
butane, 50 ml of glacial acetic acid, and 35 g of chloromethyl ether was left at 20° for 16 hr ana then heated with 
stirring for 2 hr on a water bath at 40°, After cooling, it was washed twice with ice water, dissolved in 150 ml of 
benzene, washed with sodium bicarbonate solution and water, and dried over calclum chloride, Removal of the 
solvent and distillation gave compound I in a yield of no higher than 27% and with b.p, 183-185°/1 mm, 


Found %& C 52.73; 52.91; H 4.97; 5.20 CyH,,C1,S,. Calculated %C 52.66 H 5.04 


2,2-Bis-(S-aminomethyl-2-thienyl)-butane (II). The salt of I and hexamethylenetetramine, obtained from 
12 g of distilled 1 and 10.3 g of urowopine in 100 ml of chloroform (standing for 2 days at 20°), was heated for 
3 hr on a water bath with 30 g of concentrated hydrochloric acid {n 200 ml of ethanol. Evaporation of the solycnt 
gave the crystalline hydrochloride of 1, which was made alkaline with 40% NaOH solution, The mixture was exe 
wacted with ether and benzene and the exacts dried with potassium carbonate, Removal ot the solvent frora the 
extract ylelded about 8 g of compound I] with b.p, 200-215°/ 1 mm and 210-225°/ 3-4 mm, Redistillation gave 
5.1 g (49%) of compound II with b.p.210-215°/1 mm, 


Found %: C 60.30; 60.43; H- 7.38 17.32; . N 9,93 Calculated %& C 59.95; H 7.19; N 9.99 


2,2-Bis-(5-d iethylaminomethyl-2-thienyl)-butane (Ila), To a benzene solution of compound I, prepared 
from 33.3 g of 2,2-bis-(2-thienyl)-butane, was added 51 g of diethylamine and the mixture was kept at 20° for * 
16 hr and then heated at 60° for 2 hr. The precipitated crystals of diethylamine hydrochloride were removed by 
filuration and washed with benzene, The benzene solution of the amine was dried over BaO, After evaporation 
of the benzene and excessdiethy!amine, the residue was vacuum disulled (2 mm) to yleld fraction 1p to 198) 
(a few drops) and fraction 2 at 198-201° (37 g). Redistillatiou of fraction 2 gave 34.8 g of product with b.p, 
194-195°/ 2 mm, 60% yield calculated on the starting it had nD 1.5400; 
1.0241; MRp found 120,28, calcul» ted 119.93, 


Found % C 67.21; 67.34; H 9.43; 9.39; S 16.24; 16.24 C,,HyN,S3. Calculated Ge: C 61.29; H 9.24; $16.33 


The dihydrochloride of Ia, purified by with absolute ether from a methanol acetone solution, 
melied at 155-156° (in a sealed capillary), 


Found 4x N 6.06; 6.07 CaHyyNyS;Cl. Calculated % N 6,02 


2,2-Bis-(5-piperidinomethyl-2-thienyl)-butane (II), To a benzene solution of 1, prepared from 22,2 g of 
2,2-bis-(2-thienyl)-butane and 27 g of chloromethyl ether, was added 34.0 of piperidine and the mixture left for 
16 hr, The contens of the flask were then dolled under reflux for 2 hr, Further weatment was as in the previous 
experiment, Vacuum distillation (2 mm) of the product yielded fraction 1 up to 235° (1.1 g) and fraction 2 at 
235-23T° (27,3 g). Redistillation of fraction 2 at 2 mm gave 26,1 g of a colorless, viscous ngenton with b.p, 245 
to 246° yield, calculated on the starting n”D 1,5653; 1.0864; MRp found 
124.98; calculated 124.76, 


Found %& C 69.19; 69.42; H 8.84; 8.92; 15.43; 15,82 Spe Calculated 69.18; H 18.7; 15.29 


The dilodomethylate® of m, purified by two oka reece absolute ether from methanol — 
melted at 192,5-193.6", 
TAL the lodomethylates were prepared by the action of excess methyl fodide on an ether solution of the base, 
with the exception of the iodgmetiyioce of Ils, which was ne by boiling excess methyl ao and the die 
amine in acetone, °° 


Poe : 
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Found % C 44.45; 44.43; H 5.94; 5.93; 1 35.22; 35.53 CygHgl,NzSq. Calculated % C 44.57; H 6.07 136.23 
The picrate® of If melted at 185-186" after recrystallization from a mixture of acctone and heptane (2:1). 
Found $C 49.66; 49.60; H 5.00; 4.95; S 7.10; 7.28 CyHyyNOyS,. Calculated 4: C 49.41; H 4.83; § 7.31 


2,2-Bls-(5-morpholinome thyl-2-thienyl)-butane (Ifa) was obtained from 35 g of morpholine and a benzene 
solution of I, prepared from 22,2 g of 2,2-bis(2-thienyl)-butane, After removal of the solvent the diamine was 
fractionated in vacuum (2 mm) to give fraction 1 up to 245° (0.93 g) and fraction Z at 245-246° (28.9 g). Redise 
Ullation of fraction 2 ylelded 26.2 g (62%) of a viscous Liquid with b.p, 243-244°/2 mm, The product crystallized 
on storage and had m.p. as The melting point was 65-66° after the substance had been recrystallized from 
heptane, 


Found %: C 62.68; 62.76; H 7.74; 7.91; $ 15.20; 15.38 CuttathOSy Calculated % C 62.82; H 7.67; 
$ 15,24 


The difodomethylate of melted at 195-197" (with decomp. inz sealed capillary) after two recrystalliza- 
tions from methanol, 


Found 4 C 40.75; 40.€4; H 5.59; 5.43; 135,39; 35.41 Cy,HsplgNzO,Sp. Calculated %C 40,91; H 5.443 
136,02 


The picrate of Illa melted at 198-199° after two recrystallizations from a mixture of alcohol and acetone, 
Found % N 13.05; 13.22; CygHygN,Oj,S3. Calculated % N 12.82 


N-Oxide of 2,2-bis-(S-morpholinomeihyl-2-thienyl)-butane, A mixture of 1,34 g of Illa and 20 ml of a 25% 
solution of 11,0, was stirred at 20° for 28 hr and then the water and excess hydrogen peroxide were removed by 
distillation on a water bath ** at 14 mm, The residue in the Mask was dissolved in 50 ml of absolute alcohol, 
0.5 g of manganese dioxide added, and the mixture boiled under reflux for 0.5 br. The MnOg was removed by 
filtration, 100 ml of benzene added to the filtrate, and the solvens removed by distillation, There rernained in 
the bottom ef the flask a solid product which deliquesced in aiz, After it was recrystallized three times from a 
mixture of absolutc alcohol and benzene, it had m.p, 152-153*, 


Found N 6,00; 6,00 Calculated N 6.19 


1,11-Dipiperidinc-6-methyl-6-cthylundecane (IV), A mixture of 12 g of compound ITI, 700 ml of methanol, 
and 180g of skeletal cobalt *** was stirred at 20° for 5 hr and then boiled under reflux for 40 hr (until a sulfur 
test was negative), The coba!t was removed by filtration and washed with hot ethanol, After evaporation of the 
alcohol, the residue was extracted with ether and dried over B20, The ether wasremoved and the residue distilled 
(4 mm) to yield fraction 1 at 152-201° (2.6 g) and fraction 2 at 201-204° (3.8 g). Redistillation of fraction 2 
geve 3.6 g of a colorless, viscous liquid with b.p. — 4mm ves ve n”D 1.4836; d™, 0.8991; MRp 
found 115. 34, ‘calculated 116.51. 


Found %< N 1 Calculated % N4.61. 
Thp-enafecates weight found was 369 and the calculated value , 364.6, 
The difodomethylate of IV had m.p. 1179.5-180.5° (from acetone), 
Found C 47,91; 47.74; H 8.14; 8.29; 1 38.49; 38,43 Calculated C 48.15; H 8.39; 39.16 
The | picrate of IV had m.p, 121.5-122.5° (from alcohol), 
Found N 13,90; 13.93 Calculated N 18.67 


1,11-Dimorpholino-6-methyl-6-ethylundecane (IVa) was obtained similarly to compound IV from 12 g of 
— Ula in 609 ml of meihanol by the action of 255 Bs of skeletal cobalt, The hydrogenolysis product was 


* The picrates were prepared by mixing hot alcohol solutions of picric acid and the comesponding diamine, 

°° The bath temperature should not exceed 608, 

skeletal cobalt was prepared from 50% cobalt—aluminum alloy the by Adkins ont 
Billick (8) for the preparation of Rancy nickel, 


| | 
| | 
i 


vacuum distilled (5 mm) to give fraction 1 up to 223°(2.3 3) and fraction 2 at 223-226° (3. 6 g). Redistillation 
of fracuion 2 gave 3.3 g of product with b.p, 202-206°/4 mm (31% yield); n n™D 1.4830; d™, 0.9487; “D found 
110.56, calculated 110,97, 


Found %& C 71.31; 71.60; H 11.99; 11.92 CyHyNO3. Calculated %; C 11.74; H 12,03 


The difodomethylate of IVa had m.p, 193.5-196,5° (with decomp.,, in sealed after two recryt~ 
tallizations from acetone, 


Found % C 44.18; 43.85; H 7.67; 7.61; 138.44; 38.34 Cy,Hygl,NzOp, Calculated % C 44.16; H 7.73; 1 38.90 
The picrate of IVa had m.p, 135.5-136.5° (from methanol) 
Found N 12.92; 13.14 Calculated % N 13.55 
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Among the inorganic polymezic compounds which have plastic properties, phosphonitrile chloride, (PNCI3)p. 
is cf the greatest interest [1-8] However, the practical use of this comparatively heat-stzble polymer is ham- 
pered by the fact that it hydrolyzes quite readily, The introduction of certiin organic substituents, e.g., alkoxyl 
racicals) into the phosphonitrile chlorice molecule leads to a considerable increase in its hydrolysis resistance 
[8, 10}. However, prolonged heating of the reagent mixture is normally required for the preparation of such dee 
rivatives, The yields in this case are generally low. For example, [9}, n-butyl phosphonitrile ether [PN(OC.H,)3}, 
is formed only after 2 mixture of a chloride, n-butyl alcohol, and sodium or potassium butylate & 
heated at 117° for 13 hour, 


At the present time the action of penewating radiation is finding increasing 2pplication in the synthesis of 
organic compounds (11) and the preparation of inorganic products [12} We investigated the possibility of synthe- 
sizing butyl phosphoninfle ether by irradiating a mixnue of phosponitile chloride tewamer and n-butyl alcohol 
at room temperature with 2 beam of high-energy electrons, 


Phosphoniuile chloride tie and tetramer were synthe=- 
sized by the procedure in [13}, The butyl alcohol was first 
purified and dried, The radiation source was a 1.0-1.2 Mev 
electron accelerator, consisting of a vertical, sectional mbe 
of a direct accelerator and a voltage muluplies rectifier= 
condenser cascade [14] The solutions were irradiated in 
glass cells with a thin glass membrane, The dose surength 
was checked by measuring the electron current in the solue 
tion with the aid of a molybdenum probe sealed into the cell, 

In experiments with n-butyl alcohol, air saturated with 
a4 & ev/ml-10°™ butanol was passed through the cell to cool the solution and 
give steady stirring, The course of the reaction was followed 
Change in viscosity of a 5% solution of by the change in viscosity of the solution, measured with ep 
phosphonitrile chloride teuames in n-botyl Ostwald viscometer, and alsoby determining the chlorine 
alcohol in relation to the integral radiation content of the compounds formed, It was established that 
dose, under the action of a beam of fast eleczons on solutions of 


The author of not give the of the reaction product, We the procedure by him 
and found that the yicld was 


F 


il 
i 
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TABLE 1 


Change fn Viscosity and Chlorine Content of a 5% Solution of Phosphonitrile Chloride 
Tetramer in n-Dutanol in Relation to the Integral Dose of Electron (0,6 Mey) Radiation, 


Soluui Solution 
Irradie Integral ra- Chlor- || ltadi- | integral ra- viscosity Chiore 
ation diation doseycentis © | ine |} aon diationdose] | cone 
timeynin | ev/ ml poise teat,* tine, | ev/ml poise tent, 


* The chlorine content of the unirradiated solution was taken as 100%, 


phosphonitile chloride tetramer in n-butyl alcohol, both chlorine atoms in the phosphonitrile chloride molecule 
were replaced by butoxyl radicals, 


A description of a typical experiment on the isolation of butyl phosphonitrile ether fs given below, A sample 
(89 ml) of a 5% solution of phosphonitile chloride tetramer in absolute n-butyl alcohol was irradiated for 6 hr 
with 0.6 Mev electrons at a beam svength of 3 pa in the solution, The integral dose was 1.5°107 ev/ml, Air 
was passed through the solution during irradiation, The temperature did mt exceed 30° during the experiment, 
after irradiation, the n-butanol was distilled in vacuum with heating uw. « water bath, The residue was a viscous 
brown Liquid with an unpleasant smell. It analysis corresponded to that of n-butyl phosphonitile ether: 


Found % C 50.10; H 9.04 [PN(OC,H,),},. Calculated %& C 50.25; H 9.42 
The product yield was 45%, Le., almost twice as great as by the method in [9}, 


Table 1 gives the results of measuring the viscosity of frradiated 5% solution of tetramer in n-butyl alcohol 
and determining the chlorine content of the products obtained, The average values from 2-4 measurements are 
given. The error in the viscosity determination did not exceed 1% 


Figure 1 shows the characteristic change in the viscosity of a 5% butanol solution of tetramer in relation to 
the integral radiation dose, The radiolytic interaction of phosphonitrile chloride with n-butyl alcohol evidently is 
complex. The sharp fall in chlorine content and the decrease in viscosity in the initial moment of {irradiation is 
evidently caused by a chain substitution reaction, The dissolved substance probably reacted mainly with hydrogen 
atoms produced by radiolysis of n-butyl alcohol (for example, according to the scheme CH;CH,;CH,CH,OH~> 
~-CH,CH,CH;CHOH + H). Asa result of reaction with atomic hydrogen, the tetramer ring is ruptured with the 
formation of monomer and dimer radicals and the elimination of a chlorine atom in the form of HCL, 


: 
4H + — 4PNCI + 4101, (Qa) 
H + PNG) — PN + HCl, (2) 
PNCI + C,H,01 — + HA, (3) 
PNOG + + H, (4) 
PN 2C,14,0H PN (OC,H,)s + 2H. (5) 


The hydrogen atoms formed by reactions (4) and (5) again react with tetramer, etc, 


However, with further irradiztion, together with cyclization, there is slso the possibility of the reverse ree 
action between HCl and butoxy derivatives due to the high concentration of hydrogen chloride formed, This i 
indicated by the chlorine snalysis results (Table 1), A maximum therefore appears on the curve in Fig.2, The 


0 0 3,243 | 400 40 8,0-40% | 3.27% | 22,8 

2 1,6-40% | 35126 | 24,7 12 9'6-40% | | 

3°2.40% | 3'309 | | 3/357 | 44/5 

6 48-10% | 3.417 | 27:8 20 1'6-40 | 3:362 | 43/8 

8 64-40% 3550 | 29.2 

i 


TABLE 2 
Analysis of Compounds Obtained from Dioxane Solution of Phosphonitile Chloride Trimet 


Experimental conditions Anal;sis results, 


tration in dlox- 

Number ane. % integral radiation 
dose, ev/ml 

3 - 3 months 26.71 4.52 

2 1.6°107 2 hours 26.82 4.34 


Calculated for (PNCIC,H,;O,), 28.48 4.15 


reaction time Cc H 


second minimum {s evidently caused by suppression of the reverse reaction, The increase in viscosity at high 
values of the integral radiation dose are probably explained by cyclization of the 7 derivative with the sub- 
sequent formation of polymeric molecular chains, zi 


The radiation method of synthesizing butyl phosphonirile ether has a number of advantages in comparison 
with the normal methods of synthesizing it, namely the higher yield, the ease of isolation from the reaction mixe _ 
ture, and the low reaction temperature, 


The effect of ionizing radiation on a 2% solution of phosphonitrile chloride wimer in absolute dioxane was 
also studied, During irradiation with 0.8 Mev electrons, the viscosity of the dioxane solution first increased cone 
siderably and then the formation of a white, flocculent precipitate was observed, A similar result was also ob= 
tained when the starting solution was kept for a long period (3 months), = residue was analyzed after the die 
oxane had been removed in vacuum (Table 2), 


According to the analysis results, the substance formed in dioxane had the composition (PNCIC,H,O3),, Lee, 
was the product from the substitution of one chlorine atom of phosphonitile chloride by a dioxane molecule, 
This compound had a considerable resistance to hydrolysis and was not decomposed even p whes boiled with alcoho- 
lic alkali, The structure of the compound obtained is being studied further, 
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At the present time there fs the widespread opinion that a heterogeneous catalytic reaction proceeds through 
an adsorption stage, 1f both components are activated in the hydrogenation process, they form a surface interme- 
diate complex with the catalyst. In this case the ease of hydrogenation of the cifferent interatomic bonds depends 
on the height of the energy barrier (—E) of the reaction [1]. In the first instance, there must exist a reaction for 
which the height of the energy barrier for the formation (or decomposition) of the intermediate complex fs a min 
imum, The value of E may be calculated from the mean values of the bond energies (Q), Thus, for example, 
for the hydrogenation of C = C, C mC, and C = O bonds on a Ni catalyst, they are respectively: ~Eciec ® 
2.9 keal, ~Ec kcal, and ~Ec— 13.1 kcal, In accordance with this, CeaC and C = C bonds 
are actually hydrogenated more readily on a Ni catalyst thanC =O — These reactions proceed in an anae 
logous sequence on almost all known catalysts, 


A completely different picture is observed on Zn, on which C = C bonds are not hydrogenated 23 a sty 


while the C = O group is hydrogenated to CH—OH and an acetylene bond is wate hydrogenated to anethyle 
enc bond, 


Let us see if these interesting characterisucs of Zn cannot be explained also by the relative heights of the 
energy barriers of the reactions on this catalyst. The hydrogenation of an ethylene bond on Zn with the formas 
tion of an intermediate complex is Dlustrated ait the scheme; ; . 


4 


| 


Its heat of formation; 


— 46,7 — 104,2-)-2-27-+2-19,5 == —57,9 kcal/mole. 


Its heat for Eg = 2Q mC 2QH— Zn 19.8 + = 63 
kcal/mole, 


Similarly, for the hydrogenation of an acetylene bond to an ethylene bond, the heat of formations 


37,4 — —48,6 keat/ mole 


> 
| | 30 801 


The heat of decomposition; Fz =: — 70: 20 ~~ 54 —39-1- 18) =:88 


The double scheme for the reduction of a C = O group is as follows; 


The heat of formation of the complex: 


kcal/mole 


(iQ 


Its heat of decomposition: = 20H —Zn+QC—H + -2-19.5 + 
; + 90.5 + 110.4 = 60.7 kcal/mole, Instead of Q-c—zpy and QUc—7n, for which there are no Hterature data, we 
‘ used the somewhat lower bond energy Q_.C— zp, which probably had no effect on the basic result, 


As can be seen, for all three reactions E* < 0 and E* > 0, Consequently, the rate of these processes must be 
} limited by the adsorption stage [1], From the approximatecalculations presented it follows that the energy barriers 
of the reaction of Zn considered are considerably higher than on Ni, Lf it is assumed that E = - “fe, then their ace 
tivation energies are 43.39 and 26 kcal/mole, respectively. By changing the signs for E, we obtain~E-¢ © 

= 57.9 kcai/mole, ~EC = C = 48.6 keal/mole, and ~E- 9 = 47.4 kcal/mole, These results make it pose 
sible to predict that all three reactions on Zn should proceed with much more difficulty than on Ni and other 
metallic hydrogenation catalysts, As] >] | E's], then it should be most difficult to hydrogenzte the 
ethylene bond and easier to hydrogenate the C=O bond, The bond energy Q:;_7, was taken from (2) and the 
other bond energies from [3} Qo-zn Ws calculated in our laboratory, 


Analysis of equations (I)—(III) shows that the higher values of E* on Zn in compariscn with E* on Ni are 
caused by the fact that (19.5 keal) yj (55 keal), though Q_C_7zp(27 keal) > Q=C—Ni(19 kcal) 
and Zn (74.2 kcal) > Qo_ (48.3 kcal), This indicates that the ratio of the concentrations of active hydro= 
gen and compound hydrogenated on Zn {s lower than on Ni, 


EXPERIMENTAL 


The catalyst was prepared by leaching turnings of fine platelets of Zn—Al alloy (weight ratio of 1:1) with 
a 3% aqueous solution of sodium hydroxide until the evolution of hydrogen ceased, then washing with water to a 
neuwal reaction to phenolphthalein, and it was loaded into the reactor in a moist state, The catalyst was found to 
contain 5% of residual Al, In all operations we wied to prevent contact of the catalyst with alr, Experiments at 
normal pressure were carried out under flow conditions, The compound hydrogenated (and a large excess of hy- 
drogen) was passed over the catalyst at a space velocity of 0.1-0,2, In experiment under pressure, the reaction 
was carried out in a rotating autoclave, The catalyst was normally used once, The degree of unsaturation of the 
catalyzates and their carbonyl group content (by the oxime method) were determined, The degree of unsatura- 
tion was characterized by the volume of hydrogen consumed in the hydrogenation of a sample of catalyzate on 
skeletal nickel at 20°, In other cases, the catalyzates were also analyzed by gas—liquid chromatography or frace 
tionation on a column, The constants of the reaction products isolated were determined, The table gives the 


conditions under which —or of the three types of bond (C = C,C mC, C = 0) in the compounds we in= 
vestigated began, ‘ 


Hydrogenation of the Ethylene Bond, At temperatures up to 200°, 2- and 3-octenes were coment une 
changed. 1-Octene and cyclohexene were not hydrogenated under a pressure of 100 atm at 150%, 


Styrene did not add hydrogen at temperatures below 100° and normal pressure, The rate os the reaction 
increased sharply above 170°, 


At 250° the degree of hydrogenstion of styrene reached 98%, The catalyzate | was vacuum distilled and wes 
found to be almost pure with b, p. 135°/ 740 mm, nD 3 4950; d™, 0 The residus after 


ee 

| 


Temp, Pressure, 
Compound hydrogenated Main reaction product ce atm® 


CH,CH,CH,CH,CH.CH,CH=CH, | Not 
| 
ropenat 
Ci=cH 


Not hydrogenated 

OH 


HO 


Not hydrogenated Acuve C=C 
CH,CH = CHCH=CH, Active Cac 
CH,C—C#O 
C=O 


C=C 


* Process conditions under which hydrogenation of the given compound on the zinc cataJyst 
began, 


distMlation was insignificant, Styrene was completely polymerized in an experiment at 100 atm and 100° after 
Shr. Zinc did not catalyze the hydrogenolysis of the trimethylene ring of methyl cyclopropyl ketone [4], which 
reacts readily with hydrogen on other metals and imitates the behavior of a double bond [5}, 


Hydrogenation of Diene Hydrocarbons, Piperylene and isoprene were not hydrogenated on Zn at normal pres=- 
sure and temperature up to 140° [6], Piperylene was not hydrogenated either with an initial hydrogen pressure of 
50 atm at 100°, At 80 atm, the degree of unsaturation of the catalyzate fell by 154%, at 100 sum, by 28%, and at 
100 atm and 150° it fell to a half, which corresponds to complete hydrogenation ef one double bond, 


Thus, hydrogenation of zinc makes it possible to discriminate between the double bond in styrene or & cone 
jugated double bond and an unactivated ethylene bond, 


Hydrogenation of the Acetylene Bond. The tiple bonds in acetylene, vinylacetylene, isopropenylacetylene, 
dimethylethynylcarbinol, and tolane (6) were selectively hydrogenated to double bonds on Zn at normal pressure, 
The reaction did not occur below 50-65°, Hydrogenation of the acetylene bond in dimethylvinylethynylesrbinol 
and 2-butyne-1 ,4-dlol could be achieved under pressure (90-100 atm) at 80-130°, Thus, Zn catalyzes the hydro» 
genation of the acetylene bond in compounds with various structures, The reaction proceeds under more drastic 
conditions -then oa KL, 


Reduction of the Carbonyl Group. The reduction of aldehydes and ketones [7} on Zn began at 50-60° and 
normal pressure, i.¢,, approximately under the same conditions as on skeletal nickel, a,B-Unsaturated aldchydes 


| 
Sen, Ring C=C] 430 | 10 
GH,CHetH, Active | 109 [Normal 
S 
cH=cH = pe 
| | ore 
OH 
| 10 
140 |Normal 
100 
|Normal 
60 |Normal 
| 
tt 


and ketones were selectively reduced to the corresponding unsaturated alcohols {8}, Methyl cyclopropyl ketone 
was also reduced at the C = O group only (4}. It should be noted that zinc did not always have a sclective action, 
Thus, in the reduction of 2-methyl-2-hepten-6-one, in which the C = C bond fs distant from the C = O group, 
Zn did not have a selective action; theC = C bond was mainly hydrogenated, The selectivity of the reduction of 
a, -unsaturated aldehydes and ketones began to fall above 60-80° and the double bond content of the catalyzate 
fell rapidly [8}, It may be assumed that these anomalies are connected with peculiarities in the structure of the 
compounds reduced (for example, the absence of conjugation of the bonds in the molecule), with the adsorption 
displacement of some groups of atoms by others, or with a change in the catalysis mechanism under the changed 
conditions, 


Generalization of the results obtained shows the peculiarity of the catalytic action of Zn in hydrogenation 
and reduction, Zinc does not catalyze the hydrogenation of olefins, while the hydrogenation of an ethylene bond 
activated by a phenyl group or a conjugated double bond is accelerated only at elevated temperatures or under 
pressure, Zn catalyzes the selective hydrogenation of an acetylene to an ethylene bond and, in particular, ace 
celerates the reduction of the C = Ogroup of aldehydes and ketones, The results obtained agree with the cal- 
culated values of the energy barriers of these reactions on zinc, Thus, the different sequence of the hydrogenation 
of bonds on Zn as compared with other metallic catalysts can also be explained by the formation of an intermedi 
ate complex, 
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We recently reported the synthesis and some properties of derivatives of ethylvinylphosphinic acid [1]. In 
particular, it was reported that ethylvinylphosphinic chloride adds bromine, which qualitatively demonstrates the 
unsaturation of the vinyl group, However, on turning to quantitative measurement, we found that the increase in 
weight of the reaction product from ethylvinylphosphinic chloride and an equimolecular amount of bromine was 
approximately half of the calculated value, The molecular refraction found for the main fraction obtained by 

slow vacuum distillation of the product was close to that calculated for ethyl-8 -bromovinylphosphinic chloride, 
According to analysis and molecular refraction, the ethyl ester obtained by the reaction of the product with ethanol 
in absolute ether in the presence of pyridine corresponded to ethyl ethyl-2 -bromovinylphosphinate, 


We consider that the bromination yielded ethyl-a,8 -dibromoethylphosphinic chloride, but the latter is an 
unstable product and even after removal of the light fractions under vacuum at 50°, hydrogen bromide was elimin- 


ated with the formation of ethyl-8 -bromovinylphosphinic chloride, 


Although we leave the problem of the choice of the structure open, we prefer the first variant with the halo 
gen atom at the B-carbon atom.as in this case both steric and thermodynamic factors should make the molecule 
move stable, The chlorination of ethylvinylphosphinic chloride was studied more carefully, Contrary to what 
was stated above, the chlorination product, namely ethylea,S -dichloroethylphosphinic chloride, was found to be © 
stable and distilled in vacuum without any signs of decompesition, Nonetheless, the tendency for the eliminadioa 
of hydrogen chloride was still expressed by the high (almost quantitative) yield of ethyl-8 -chlorovinylphosphinic 
chloride from the catalytic dehydrochlorination of ethyl-a8 -dichloroethylphosphinic chloride over a mixture of 
fired barium carbonate and activated charcoal at 330-350°, 


Esters of ethyl-8 -chlorovinylphosphinic acid were synthesized by the rn accepted method, Les, by 
the reaction of the acid chloride with appropriate alcohols in absolute ether in the presence of an organic bass 


(with the exception of the end 


| 
| 
= 
| 
| | 
Cli = CH, CHBrCH,Br 
CH = CHBr CBreCHp 
GH 
| 


Halogen, 


Temp., 
C/mm found cale, 


108—110/10;1 526%) 1 ,6470,40, 6041 
97,5 —98/101 ,3700.47,1146,95 13,45 
132—133/10'1 ,5100)1 43,8 43,74/14,65 
10S—107/3 }1,4765;1,2410;49, 83 49,39 
92—94/10 48 33,41/17,70 


135/10 


82—86/12 }1,4650.1,1870,39,27 


85—89/10 44,66 


106—112/12;$ ,4000,1,1100 48,45 


93—94/3 [1,4725:1,1360 48,03 


103—106/12)1,4599)1 ,0870,52,95 


112—115/11)1, 4596, 1 ,0760,53, 69 


122—132/3 |4,5305/1, 190059, 41)58, 92) 


AS was to be expected [2], subsequent chlorination of ethyl-S-chlorovinylphosphinic chloride was difficult, 
Thus, after chlorination of 39 g of the latter for 3 hr, the bulk of the starting material was recovered from the re~ 
action mixture, and ethyl-a,,8 -trichloroethyl phosphonic chloride was isolated in only 22% yield, The constants 
of all the producs obtained are given in the table, 


; A communication of some derivatives of B-chlorovinylphosphinic acid [3] contained no data on thelg 
polymerization. At the same ume it seemed interesting to study the polymerization tendency of a vinyl group ar 
tached to an organophosphorous radical at one end and a halogen atom, in particular, chlorine, at the other and 
to compare these data with results obtained in the polymerization of ethylvinylphosphinic esters, Of the saturated 
esters, we investigated the methyl, ethyl, and butyl esters of ethyl-8-chlorovinyl- and the ethyl ester of ethyi-B- 
bromovinylphosphinic acid, Polymerization was carzied out in sealed ampoules in the a of 2% of benzoyl 
peroxide at 100-150°, 


However, after prolonged heating (lor 10 days) there was no appreciable a in viscosity of the products 
while, as was reported previously, estezs of ethylvinylphosphinic acid polymerize under the tame conditions to 
give viscous, slrupy masses and even lose their Musdity (at room temperature), From what has been said, it can be 
concluded that the peroxide polymerization of saturated esters of vinylphosphinic acid t& hampered by the into= 
duction of a halogen into the 8-posiuioa, We are Inclined to think that this is because of additional shielding of 
the double bond by the halogea atom, 


- 


& 
— |16,42)16,80) 55 
33,29 — |17,0016,80) 48 
| — |15,60:15,20 38 
15,74, 
| 


A different picture was expected and was actually obtained in the polymerization of allyl esters of ethyl- 
vinyl and ethyl-8 -chlorovinylphosphinic acids, The investigations of Toy and Cooper [4] and of one of the 
present authors and Kukhtin [5] showed that the rate of pelymctization of esters of phosphorus acids increase with 
the introduction of electronegative groups. In accordance with this, in the polymerization of these allyl esters 
with 2% of benzoyl peroxide, azoisobutyronitrile (parafor), or dlazoaminobenzene, in the first two-cases there was 
a sharp increase in the rate of polymerization of aliyl ethyl-B -chloroethylphosphinate, While this ester was poly 
merized to a waxy mass even afier 30 minutes at 40°, allyl ethylvinylphosphinate retained ite original consistency 
after being heated for 4 hr at 40° and only formed a waxy mass when heated at 80° for 1 hr, The opposite result 
was obtained with initiation by diazoaminobenzene, When allyl ethylvinylphosphinic acid was heated for 10 hr 
(4 hr at 40° and 6 hr at 80°), the contents of the ampoule lost their Muidity; with allyl ethyl-6 -chlorovinylphose 
phinate there was only an insignificant increase in viscosity. This phenomenon requires further investigation, 


EXPERIMENTAL 


Ethyl-cr,8 -dichloroethylphosphinic Chloride (I). A stream of chlorine was passed Into vigorously stirred 
ethylvinylphosphinic chloride (80 g), cooled to —10°, at such a rate that the temperature of the reaction mass 
_ did not rise above +5°. The reaction was considered complete when the temperature no longer rose when cooling 
was stopped, The increase in weight of the flask contents was 50 g. The crude product was poured into an Are 
buzov flask, the excess chlorine removed under reduced pressure, and the product vacuum distilled. Weobtained 
100 g of substance (1. 


Ethyl-8 -chlorovinylphosphinic Chloride (IN, Substance (I) (75 g) was passed through a quartz tube filled 
* “na layer of barium carbonate and then a layer of activated charcoal, The temperature inside the tubulag fure 
nace was kept within the limi of 330-350°. After distillation on a25-cm pear fractionating column, a total of 
50 g of substance (I) was isolated, 


Allyl ethyl-8 -chlorovinylphosphinate (II), A mixture of 400 mi of absolute ether, 11 g of allyl alcohol, 
and 14 g of pyridine was cooled to —10°. With vigorous stirring, 31 g of (II) was edded dropwise from a dropping 
funnel, After the addition, the mixture was heated until the ethey boiled, kept at this temperature for 2 hr, cooled 
and filtered free from pyridine hydrochloride, However, traces of pyridine hydrochloride were detected during 
distflladion, and therefore, after the first disdillation, the product was ueated with an equal volume of cold 5% sods 
soluvion and then an equal volume of distilled water, Distillation of the lower layer yielded 20 g of (I). 
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In the present work we present the results of investigating the hydrogenation of various furan compounds in 
a flow system at elevated hycrogen pressures on Pt—C and skeletal Ni~Zn and Ni-Al catalysts, A comparison 
of these results with experimental data obtained previously in the hydrogenation of furan derivatives in the vapor 
phase at normal pressure makes it possible to determine the effect of pressure on the capacity of the furan ring for 
hydrogenation to a tetrahydrofuran ring,or hydrogenolysis,and on the sequence and selectivity of the reduction of 
different unsaturated bonds in furan compounds, 


1, As is known [1), hydrogenation of sylvan on Pt—C at normal pressure and 275° leads to complete hydro=-- 
genolysis of the furan ring with the formation of methyl propyl ketone (reaction il); tetrahydrosylvan is not formed — 
under these condidons, A completely different reaction course is observed in the hydrogenation of sylvan on Pt—C 
in a flow system at the same temperature, but under a hydrogen pressure of 50 atm, In this case the main reaction 
is the hydrogenation of sylvan to tetrahydresylvan (reaction T,and hydrogenolysis of the furan ring occurs to a much — 


lesser extent (about 25%). = 


CH — CHa ~ 5% 

2. We recently found [2] that in the hydrogenation of 2-methyl-5-acetylfuran on Pt—C at normal pressare, 
the primary reaction is mainly hydrogenolysis of the ring at the C—O bond adjacent to the carbonyl group. The 
2,5-heptanedione thus formed cyclizes with the liberation of water to form 1-methyl-1-cyclohexen-3-one, whick 
is then converted either into 3-methylcyclohexanone o¢ mecresol, depending on the temperature, Under these 
conditions, the primary reduction of the carbonyl group with subsequent hydrogenation and hydrogenolysis of ths 
2-methylS-ethylfuran formed is a secondary process (2bout 20%), However, this process becomes practically the 


sole reaction in the of on at 230°250° and a pressure of 
59 


3% 


in 
} 
i 


wide 


heptanok3 heptanok2 
heptanone-3 heptanone-2 


3. In hydrogenation on Pt—C under the same conditions (250°, 50 atm), like the carbonyl group, the hydroxe : 
yl group in alkylfurylcarbinols fs reduced before the furan ring ts hydrogenated, For example, hydrogenation of 


isopropylfurylcarbinol gives a about of a-isobutylfuran and about 50% of 
teuahydrofuran, ‘ 


CH: CH; CH 
j ] 


H CHs Sar 


4. We studied the properties of skeletal Ni-Zn catalyst, in particular, in the vapor-phase hydrogenatioa 
of sylvan at normal pressure. Over a wide range of temperatures (150-300°), the sylvan underwent hydrogenolysis 
(10-15% at 150° and quantitatively at 270-300"), A small amount of tetrahydrosylvan was formed at low temper 
atures (not more than 20% at 150°). The use of elevated pressure in the hydrogenation of sylvan on skeletal Ni- 
Za promoted hydrogenation of the muluple bonds in the furan ring and suppressed hydrogenolysis, However, 
this effect was less than on a platinum catalyst, At 250-260° and a hydrogen pressure of 50 atm,on a skeletal 
Ni-Zn catalysusy!van formed 35-40% of tetrahydrosylvan, 20-25% of 2-pentanone, and about 40% of 2-pentanol, 


5. As we showed previously [3], in contrast to other nickel catalysts, skeletal NI~Al catalyst has the peculler 
property of promoting so-called “conjugated® hydrogenolysis of the furan ring during hydrogenation in a flow sys 
term at normal pressure. Even at 225-250°, the furan ring in a-alkylfurans is cleaved completely with the forma= 
tion of three types of ketone, namely 2-alkanores, 3-alkanones, and 4-alkanones, a-Alkyltetrahydrofurens are 
not formed at this temperature, In this case alsq a rise in pressure substantially changes the direction of hydro- — 
genation of the furan ring. Thus, as a result of hydrogenation of sylvan in a flow system at 270° and a hydrogen 
pressure of 50 atm, in the presence of 2n Ni-Al catalyst.we obtained about 50% of tetrahydrosylvan, 45% of 
phatic ketones and alcohols (butanol-2, methyl ethyl ketone, and methyl propyl ketone), and ebout 5% of n-pen= 
tane, 


Thus, in al) cases, increasing the hydrogen pressure in hydrogenation in a flow system promoted hydrogenase 
tion of the multiple bonds in the furan ring, This effect appeared to the greatest extent in reactions on platinized 
charcoal and to the least extent oa nickel cataly1s (skeletal Ni-Zn and NimAl), A rise in pressure also resulted 
in the fact that on Pt—C, the reduction of hydroxyl and carbonyl groups before hydregenation of the furan ring bee 
came the main or even the sole primary reection in the hydrogenation of alkylfurylcarbinols and alkyl fury] ketones, 


EXPERIMENTAL 


Catalysts, Platinized charcoal containing 10% of Pt was prepared by impregnating birchwood activated 
charcoal with chloroplaunic acid solution and then reducing the material with hydrogen in a reaction tube at 
250-320°. Skeletal Ni-Zn and Ni—Al catalysts were prepared by incomplete removal of aluminum or zinc fom 
alloys of these metals with nickel by treatment of lumps of the alloy with sodium hydroxide solution, Removal 
of the zinc required concentrated alkali and prolonged heating, while 10% NaOH solution was used for dissolving 
part of the aluminum from the alloy with nickel, 


Starting Materisls, Pure 5p was isolated from the technical product by discllation on a column and had 
b.p. 62-64°(750); 1.4320; 0.9120, 2-Methyl-S-acetylfuran was obtained by acetylation of sylvan with 
acetic anhydride in the presence of acid and had b.p, 65-69° (7); nD 1.5095; 1.0655, The yield 
was 45% of wean 


e 


| 


Lsopropylfurylcarbinol was synthesized In 70% yleld by the Grignard reaction from furfural and fsopropyl 
mide; it had b.p. G6-68* (5); 1.4791; d™, 1.0297, 


Experimental Conditions, The hydrogenation of sylvan, sancti and lsopropylfurylearbinot 
on Pt—C and skeletal Ni-Zn and Ni~Al was carried out in a flow apparatus [4] 2t 230-275° and a hydrogen pres 
sure of 50 atm, The reaction products were disulled on an efficient column, The substances obtained had the 
following properties, 


Tetrahydrosylvan: b.p. 79-79.2° (747); 1.4060; d™, 0.8582. 
2-Pentanone: b.p. 100-102* (750); n™D 1.3912; d™, 0.2081; semicarbazone: sale 110°, 
2-Pentanol: b.p. 118-119° (750); n™D 1.4060; d™, 0.8097. 
b.p. 116,5-117° (742); n™D 1.4130; d™, 0.8403, 
a-lsobutylfuran: b.p. 128-128.5 (750); n™D 1.4415; d™, 0.8785. 
a-Isobutylterahydrofuran: b.p. 149-150° (755); n™D 1.4265; d™, 0.8484, 


The tetrahycrosylvan and methyl ethyl ketone obtained by hydrogenation of sylvan on skeletal NI—Al were 
contained in a fraction with b.p. 78-80°, The amounts of these compounds in the fraction were determined from 
the refractive index, 
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SYNTHESES AND ANTIMICROBIAL PROPERTIES OF SOME Y. 
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Up to now no aromatic esters of alkanethiosulfonic acids (I) have been described in the lirerature, Nonethe- 
less, they are of practical interest as related compounds (I) frequently have a high antimicrobial activity, especi- 
ally against phytopathogenic bacteria and fung{ and also show plant growth stimulating properties [1], 


For this reason, in the present werk we decided to synthesize the first representatives of this group of com- 
pounds, namely, aryl esters cf methane= and ethanethlosulfonic acids (II) and (IV), and to study — antimictoe 
* bial properties, 


Alk —SO;—S— Ar 


CH; SO, —S GH, — SO, — 
ay ay) 
e where X ov Ci, CH,O, 


We prepared the esters (I) " the reaction of the sodium sals of sthansiatfine acids with sulfenyl chlorides 
according to the reaction 
Alk — SO,Na +X — S—Q —Alk 


The sulfinates required were prepared by a known procedure [2),by conversion of the corresponding sulfonyl . 
chlorides into the zinc salts by the action of zinc dust,and then weaument of these with sodium carbonate gave the 
sodium salu, The latter were dried carefully in vacuum before use; in the case of the hygroscopic sodium methanee 
sulfinate, the necessary measures were taken to prevent access of moisture to the reaction mixture in the preparae 
tion of the esters (the salt was ground under a layer of absolute carbon tetrachloride, etc.), The use of silver sule 
finates instead of the sodium salt had no appreciable effect, especialy considering the loss of products during 
the conversion of the sodium into silver salu; for this reason we did not use silver salts after the first experiment, 


Arenesulfenyl chlorides were obtained by the usual method [8-5}, Les, by the action ‘of g2seous chlorine on 
solutions of thiophenols of disulfides in absolute ether or carbon tetrachloride, When thiophenols were used for this 
purpose, solutions of the latter in carbon tetrachloride were added with cooling to carbon tetrachloride containing 

ap equimolar amount of chlorine and then the solvent was removed and the residue vacuum distilled, 


We isolated benzenesulfenyl and p-chlorobenzenesulfenyl chlorides in 8 pure state; p-methoxybenzenctule 
fenyl chloride was obtained by an analogous procedure in the form of a reddish brown, oily Uquid, which could 
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TABLE 1 
Aryl Esters of Methane= and Ethanethiosulfonic Acids Alk-SO,-S—Ar | 


Sulfur content, % Yield, 


a, #5—86 34,12; 34,18 
28,62; 28,96 
29°33: 29°46 
27,35; 27,45 
31,94; 31,90 
27.15; 27,24 
27:45: 27,58 
25,80 


wows 


© The ester yields could be increased by the exmaction of further amounts 
of these compounds from the mother solution, 


not be vacuum distilled at a residual pressure of 10° mm Hg, and this compelled us to use {t without additional 
purification, directly after removal of the carbon tetrachloride in vacuum, p-Nitrobenzenesulfenyl chloride was 
obtained by the action of gaseous chlorine on an ether suspension of p,p*-dinitrodiphenyl disulfide with subsequent 
removal of the excess chlorine and {solation of the crystalline product; this ae chloride was not purifled 
further before use efther, 


- 


Our attempts to prepare p-acetylaminobenzenesulfenyl chloride have not yet been successful; the action of 
gaseous chlorine on p,p‘diacetyldiaminodiphenyl disulfide, like the action of chlorine on p-acetylaminothiophenol, 
Bare insignificantyields of very impure sulfenyl chloride; the use of the latter for the synthesis of esters made ft 
impossible to fsolate the final products in a pure state. As is known [6], the action of bromine on the same disule 
fide leads to similar results, The esters were prepared in absolute benzene or carbon tetrachloride with the simule 
taneous introduction of the sulfinate and the sulfenyl chloride, The reaction first proceeded extremely vigorously 
with great evolution of heat; the colored solution was rapidly decolorized, The reaction mixture was then heated 
on a water bath for 2-3 hr and filtered free from the salt precipitate, The solvent was removed in vacuum and 
the residue, which crystaliized when cooied in a mixmre of Ice and salt, was purified to constant melting point 

_ by recrystallization from alcohol. Even very slight overheating and also prolonged heating during dist{llation of 
the solvent from the sulfenyl chlorides and during its removal after the formationof the final product had a cone 
siderable effect on the purity of the latter and often led to the formation of uncrystallizable residues, evidendly 
as a result of partial decomposition of the sulfenyl chlorides, When an excess of sulfinates over sulfenyl chlorides 
(1.3:1.0 in moles) was used, the ylelds of esters and the purity of the latter increased noticeably, The latter was 
especially important where the sulfenyl chlorides used were not in a pure state, ss the need for repeated purificae 
tion of the final products sharply reduced their yields, The esters we obtained are given in Table 1, 


A‘l these compounds were colorless, crystalline substances and only the p-nitrophenyl esters had a pale 
straw color, They were very soluble in benzene, alcohol, ether, acetone, and other crganic tolvents and eee 
sparingly soluble ia water, 


The resule of studying the antimicrobial activity of these compounds, which are given in Table 2, thowed® 
that aryl esters of methane= and ethanethlosulfonte acids differ from the esters (If) in thelr antimicrobial properties; 
they had no action on gram-negative becteria, were slightly more active than alkyl esters of alkanethiosulfonie 
acids with respect to gram-positive bacteria (Staphylococcus aureus), and were surpassed by them in activity 
against Mycobacterium By. Tae aryl esters of methane= and ethanethlosulfonic acids differed Irtle from esters (I) 
with respect to action against various fungi;they were no less, and often mere, ective than the latter ageinzt Peale 
Cillium end Mucor, showed a higher activity Fusarium and Saccar, ellipsoid, and had a weaker action 
oa Aspergillus and, in 


The antimicrobial properties the thiosulfoule esters wese studied in the D, Zabolotnii of Micros. 
biology, Academy of Sciences, Uxr, SSR; we would Like to thank V. G. ~— Bb. E. Alzenman, and &, 1, Zelee 
pukhe for out these 
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TABLE 2 


Antimicrobial Activity of Aryl Esters of Methane= and Ethanethlosul fonic Acids (actire 
ity in dilutions in thousands*) Alk~SO,~S— Ar 


Form of microorganism 


Alkyl 


Stephylo- 
cterlum 5B, 
Rhizopus 
Cendide 
albicent 


Aspergil- 


Penicitll- 
lus 


coceus 
aureus 
B. Coll 
Mycobda 
um 


Mucee 


CHs 


| 


PELE 
SSSSISSI 

ses 
ISSStisi 
| 


* A line denotes the absence of activity, 


It should be noted that the esters of methanethiosulfonle acid given in Table 2 were less active than anal- 
ogous esters of ethanethiosylfonic acid with respect to bacteria and furgi, Phehyl methanethiosulfonate showed 
po activity at all against the forms of bacteria tested and was almost inactive against the forms of fungus tested. 


The aryl esters of methane= and ethanethlosulfonic acids were more interesting for their action oa — 
pathogenle fungi, 


A study of the fungicidal activity of these compounds® carried out in the Ya. V. Samofloy Sctentific In- 
sutute of Fertilizers and Insectofungicides (NIUIF) showed that some of them were highly active fungicides and in 
experiments in vitro they showed a fungistatic action against many fungi which, in many cases, exceeded that of 
such fungicides as Zineb and Captan (at the same concenrations) and at a higher concentration they - better 
resuls than Figone, 


For this reason we consider that - estezs of stkanethlosalfonte acds are of great interest for further inves 

tigation; we are continuing to synthesize these compounds and study thelr antimicrobial activity, 
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Esters of unsaturated phsophinous acids (which have not been described in the literature up to now) combise 
in one molecule an unsaturated grouping and a tivalent phosphorous atom,connected by a C—P bond, This causes 
the high reactivity of these compounds and the variety of their chemical conversions offer the possibility of thelr 
use for the synthesis of various organophosphorus compounds, including polymers, 


An investigation of the reactivity of esters of unsaturated phosphinous acids is also interesting in connection 
with the study of the intereffect of unsaturated carbon-carbon bonds and a tivalent phosphorus atom,and the dee 
termination of the character of orientation ingz—p conjugated systens containing phosphorus, 


In the present work we describe the synthesis and some conversions of derivatives of vinyl-, othyayt~, and 
p-vinylphenylphosphinous acids, 
The dibutyl esters of vinyl- and ethyrylphosphinous acids (I and Il, see the table) were obtained by a ay 


developed previously [1}j, namely, the reaction of with chloro= 
phosphite in tetrahydrofuran, 


RMgX + CIP RP (OR + 


Simflarly, from vinylmagnesium bromide and phenylbutoxychlorophosphine (II) we synthesized the butyl ester of 
secondary vinylphenylphosphinous acid (IV). From p-vinylphenylmagnesium chloride and diethylchicrophosphite 
we obtained the styrene derivative (V). As esters of unsaturated phosphinous acids wese found to be strong come 
plex formers, to folate them from the reaction mixture it was necessary to use substances which displace the phos- 
phinous esters formed from the complex compounds with magnesium halides, As this complex former we used py 
ridine, which was shown by E. L. Gefter [2] to give good results in the isolation of phenyldichlorophosphine from 
the complex with aluminum chloride, The relative resistance of the esters of unsaturated phosphinous acids to 
hydrolysis also made St possible to use washing with water or sodium bicarbonate solution for i igi the 
complex compounds with magnesium halides, ! 


The substances obtained were readily oxidized in air but apparently less vigorously than the a, 
alkylphosphinous esters as,in contrast to the alkyl derivatives, esters of unsaturated phosphinous acids did not “fume® 
when deposited on cotion wool or paper, We examined some reactions of esters of vinyle and ethynylphosphinoes 
acids (1) and (II), which confirmed the structure of these compounds as unsaturated derivatives of trivalent Phorm 


It was previously thown that the stiitatt of full esters of yeniinns acids leads to the a! acid 
esters [3}, Similarly, the butyl esters of vinyle and ethynylphosphinous ecids (1) and (LJ) reacted with the theoretical 


amount of acidified water in dioxane to give the readily polymesizable monobutyl esters of these acids (VI) and (Vi), 


Hy 
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The wlvalent state of the phosphorus in the dibutyl ester of vinylphosphinous acid (I) was also demonstrated 
by the addition of sulfur and the Arbuzov rearrangement with methyl Jodide, as a result of which we obtained the 
dibutyl ester of vinylthlophosphinic acid (VIII) and the butyl ester of vinylmethylphosphinic acid (1X), respectives 
ly. It should be noted that in an attempt to achieve the Arbuzov rearrangement of the dibutyl ester of vinyl 
phosphinous acid (I) by bofling inexcess methyl fedide, mainly polymeric products were fsolated, Polymerization 
also occurred when the reaction was carried out in acetonitrile at 0°. A positive result was obtained only when 
Mgroin was used as the solvent, However, the process was very slow in this case and quite drastic conditions were 
required to carry out the reaction (100-110°, 4 hr), 


As a dienophile, the dibutyl ester of vinylphosphinous acid (I) underwent diene synthesls with cyclopentas 
diene to form the corresponding adduct, namely the dibutyl ester of bicyclo-(1,2,2)-hepten-2-yl-6-phosphinous 
acid (X), The latter contained a uivalent phosphorus atom in the molecule,as was demonswated by the addition 
of sulfur, The yleids, constants, and analytical data for all the compounds obtained are given in the table, 


EXPERIMENTAL 
All operations were carried out in an atmosphere of purified nitrogen and the solvents were dried carefully, 


Dibutyl ester of vinylphosphinous acid (N. A solution of vinylmagnesium bromide [4] (0.65 g-at of mage 
nesium, 0.67 mole of vinyl bromide, and $00 ml of tetrahydrofuran) was added dropwise to 0.60 mole of dibutyl 
chlorophosphite In 200 ml of tewahydrofuran with vigorous stirring and a reaction mixture temperature of —60°, 
After the addition, the tetrahydrofuran was removed in vacuum; to the residue was added 300 ml of ligroin and 
1.3 mole of pyridine, the precipitate removed and washed with Ugroin(Sx 100 ml), the solvent evaporated, and 
the residue vacuum distilled in the presence of hydroquinone. 


The dibutyl ester of ethynylphosphinous acid (I) was synthesized analogously from ethynylmagnes‘um bro 
mide (5) {from 0,12 mole of ethyl bromide, 0.12 g-at of magnesium and acetylene in 80 ml of tetrahydrofuran) 
and 0.01 mole of dibutyl chlorophosphite in 50 ml of tetrahydrofuran, 


Pheaylbutoxy chlorophosphine (III). A mixture of 0.3 mole of butyl alcohol and 0.3 mole of diethylaniline . 
in 50 ml of ligroin waz added dropwise with stirring to 0.3 mole of phenyldichlorophosphine [2) in 300 ml of Ugroin 
at —30°, the mixture stirred for 1 hr, the precipitate removed and washed with Ugroin, the solvent evaporated, 
and the residue vacurm distilled, 


The butyl ester of vinylpnenylphosphinous acid (IV) was synthesized simflatly to the dibutyl ester of vinyl- 
phosphinous acid (1) by the reaction of vinylmagnesium bromide (0,12 mole of vinyl bromide, 0,11 g-at of mage 
nesium, and 60 ml of tetrahydrofuran) with 0.10 mole of phenylbutoxychlorophosphine in 50 mi of etrahydrofuran, 


The diechyl ester of p-vinylphenylphosphinous acid (V) was obtained from p-vinylphenylmagnesium chloride 
{6} (0.06 mele of p-chlorostyrene, 0.06 g-at of magnesium, and 40 ml of tetrahydrofuran) and 0,06 mole of diethyl 
chlorophosphite in 40 ml of teuahydrofuran, Sodium nitite was used as a polymerization inhibitor, 


Acid esters of vinyl- and ethynylphosphinous acids (VI) and (VID. A mixmre of 0.03 mole of the approprie 
ate full ester of the phosphinous acid (I) or (1), 0.033 mole of water, containing 0.4% sulfuric acid, and 10 ml of 
dioxane was left to stand at room temperature (40° in the case of the ethynyl derivative) for 30 min, the dioxane : 
removed in vacuum, and the residve vacuum distilled in the presence of hydroquinone, : 


Dibutyl ester of vinylthiophosphinic acid (VIIN), Sutfur (0.017 g-at) was added with stirring to 0.017 mole 
of the dibutyl ester of vinylphosphinous acid (1) in 15 ml of absolute ether at 0°, After the sulfur had dissolved, 
the ether was evaporated and the residue vacuum distilled, 


Butyl ester of methylvinylphosphinic acid (1X), A mixture of 0.03 mole of the dibutyl ester of vinyiphose 
phinous acid (J) and 0,09 mole of methyl fodide in 100 ml of Ugroin was heated for 4 hr in an autoclave ia the 
presence of hydroquinone at 100-110°, The solvent was then evaporated and the residue vacuuum distilled, 


Dibutyl ester of bicyclo-(1,2,2)-hepten-2-yl-6-phosphinous acid (X). A mixture of 0,03 mole of the dibutyl | 
ester of vinylphosphinous acid (J) and 0,015 mole of cyclopentadiene dimer was heated for 13 hr in a sealed tube 
in the presence of hydroquinone at 190-200°, The reaction mixture was fractionated fa vacuum, 


Dibuty! ester of acid (XT). Sulfur (0.0094 grat) was added 
to 0.0034 mole of adduct (X) at room temperature, The reaction product was vacuum distilled, 
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In reactions of various compounds with perfluoroolefins, together with addition at the multiple bond there 
also occurs replacement of fluorine atoms in the vinyl and, in some cases, the allyl position [1]. The addition and 
replacement processes are independent and are the result of conjugation of the bonds in g-olefins, The initial act 
in the reaction is considered to be attack by an anion; the intermediate carbanion (1) 4s stabilized either by cap- 
ture of a proton to form the saturated ethers (If) or by elimination of a fluorine anion as a result of conjugation of 
the bonds in it to form a vinyl alkyl ether (10) [2}. : ; 


CF,—CFH—CF,O8 


However, there is as much justification for the hypothesis that the electrophilic molecule of the flyoroolefin adds 
an undissociated molecule of the nucleophilic reagent due to the unshared pais of electrons with the formation of 

a four-membered transition complex (IV); the latter is stabilized by the formation of an intramolecular H.. .F 
hydrogen bond, which simultaneously facilitates the elimination of hydrogen Nuoride with the formation of Niiats 
substitution product, 


(Iv) 

Other experimental data on the addition of alcohols to g-olefins are in good agreement ich this treatment, Thus, 
the addition of ethyl alcohol to tifluororchJoroethylene in the presence of sodium ethylate leads solely to tifluoroe 
chlorodicthyl ether, while passing wiflvoroctloroethylene through a suspension of Na ethylate in ether forms — 


diflvorochlorovinyl ether [3}, 


These rules are confirmed by the previously unstudied reaction of g-olefins with hydrazoic acid, Thus, the 
reaction of g-propylene and y={sobutylene with a suspension of sodium azide in alcohol forms saturated 6 -inono- 
hydroperMuoropropy] and B -monohydropesfluorolsobutyl azides, 
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The formation of a very small amount of vinyl~substitution product was observed only in the case of g-lsobutylene, 
Reptacement of the solvent (alcchol) by nonpolar symmetrical tetrachcroethane, in which the tiethylammonium 
salt of hydrazoic acid is soluble, led to the formation of the vinyl-substitution product (V) in appreciable yield in 
the case of y-propylene, PerMuoroalkenyl azides (vinyl-substitution products) were extremely unstable and spon=- 
taneously lost niuegen at room temperature to form an “azacarbene,” which then rearrznged, 


CF, —CF=Ct, + HCH) NHIN, 


x! 

This rearrangement of the “azacarbene® may occur as a result of the transfer of flucrine to the nitogen atom 
from the a{VI), 8{VL), or y-position (VIil), and also as a result of “pairing" of the electrons of the #-bond (IX). 


—cF ™ 


CF 


A colorless, gaseous compound with b.p. —17T° was formed as a result of the reaction between ¢-propylene 
and HN;. The infrared spectrum was investigated in order to determine the structure of this compound, In the 
region of valence oscillations of double bonds, there was 2 broad intense band with a maximum at 1724 em7?, 
Substances containing cumulate bonds are known to have a high oscillation frequency, Thus, allene =C= C= 
=C = has a very strong band at 1980 cm™!, On this basis we can exclude structure (VI) from the examination, 

As is known, the characteristic frequencies of C=C and C= N are displaced toward the shortwave part of the 
spectrum as the number of Muorine atoms on the carbon atoms increases, Thus, we have the following frequencies: 
Coty 1626, = CHF 1650, CHy = 1728, CFH =CFy 1788, CF, = CF 1872 cm In imino come 
pounds containing no fluorine, the oscillaion frequency of C= N- practically coincides with that of an olefin 
ond and is in the region of 1620-1680cm"', In fluorine-containing compounds of this type, ft increases charply 
and in CF,N = CF, for example, it reaches 1892 cm"; Haszeldine's data [4] show that in compounds contaln= 
ing the grouping ~CF = CF—the oscillation frequency of =C =C = has an approximately constant value of 

1733 cm™!, The characteristic frequency of the double bond of the compound investigated is close to the frequency 
found in [4} for the olefin bond in the grouping ~CF==CF—-, Moreover, structure (VI) contains a=C=C = bond 
with only one fluorine atom or the carbon atoms and, according to available data,one would expect a considerably 
lower frequency for this double bond, ‘ : ; 


Thus, structures (VIII) and (1X) are most probable, However, structure (VIII) {s more likely, due to the pres= 
ence of another strong absorption at about 1000cm™, which is apparently connected with oscillations of the N-F 
bond, This is also in accord with the nuclear magnetic resonance spectrum of this substance®, In actual fact, io 
conwast to all the other structures proposed, structure (VIII) has fluorine atoms in 4 nonequivalent positions, which 
shows in the form of four signals in the nuclear magnetic resonance specuum, According toliterature data, the 
lines observed are characteristic of the following Muorine-containing groups: . = NF, == = CF— (Fig. 1). 


Thus, the data from nuclear magnetic resonance and infrared spectra show that the gaseous compound with. 
b.p.—17° is perfluoroazacyclobutene-2 (smucture VILI) and consequently, the *perfluoropropenyl azacarbene® fs 
stabilized due to the wansfer of a fluorine atom to the nizogen from the y-position, 


Like the norma] allyl rearrangement, this process is the result of conjugation of the bonds in the “azacare 


© The infrared spectra and the nuclest magnetic resonance spectrum were plotted by & 8, Dubov, 
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The fluorine atom on the nitrogen in perMuoroazacyclobutene fs very 
labile; it {s hydrolyzed by 1/10 N alkali in the cold and is replaced 
by anethoxyl group in absolute alcohol at 10° to give —e 
butene-2, a liquid with b.p, 96°, ‘ 


ae 


Simflar processes occur in the reaction of g-{sobutylene with sodium 

azide in alcohol, In this case, together with the main reaction product, 
B-monohydroperfluoroisobutyl azide, a small amount of a product with b.p. 112° was formed and this was le 


The structure of this compound was confirmed by the infrared spectrum, which was identical with that of come 
pound (VIII. Consequently, perfluoroalkenyl azides are extremely unstable compounds, which spontaneously lose 
a molecule of nitrogen; evidently they cannot be isolated in the free state, 


In contast to them, B ~monohydroperfluoroalkyl azides are stable, readily distillable Uquids, which are une 
changed when heated with water and with 1/10 N alkalf, These results again confirm the fact that the formation 
of perfluoroalkeny] azices occurs as a result of replacement of the vinyl fluorine atom of g-olefins and not as a 
result of the elimination of hydrogen fluoride from saturated monohydropesfluoroalkyl azides, 


EXPERIMENTAL 


Reaction of y-Propylene with a Suspension of Sodium Azide in Alcohol, Into a three-necked flask with a 
stirrer and gas inlet and outlet tubes were placed 40 ml of ethyl alcohol and 3.3 g of activated sodium azide, 
Then dry ¢-propylene (2.5 liters) wes passed in with vigorous stirring at room temperature, The precipitate was 
removed and the filwate distilled on a fractionating column. This yielded two fractions: 


1) Monohydroperfluoropropyl azide as a colorless mobile liquid with b.p. 51°; d™, 1.4962; n™D 1.3100; 
MRp found 24.86; calevlated 24.64, 


Found %& C 18,89; H 0.53; N 21.46; F 59.32 C,HF,N,. Calculated %< C 18.65; H 0.52; N 21.76; F 59.06 


be Ethyl 2-monohydropesfluoropropyl ether with b.p. 64°; d™, 1.3050; 2°D 1,2963 Literature data [4} b.p. 
64°; 1.2990; n™p 1.2960. 


Reaction of y-Isobutylene with a Suspension of Sodium Azide in Alcohol, Perfluorofsobutylene (2.5 Litezs) 
was passed into a suspension of 6.5 g of sodium azide ia ethyl alcohol, cooled in {ce. Vigorous evolution of aitro= 
gen was observed, The reaction mixture was left at room temperature until the evolution of nitrogen cessed, 

The sodium Nuoride precipitate (F found, 43.5% calculated, 45%) was removed and the reaction mixture distilled 
on a fractionating column, A fraction boiling at 71-76" was collected, This was washed carefully with water, 
dried with calcium chloride, and redistilled, Three products were isolated, 


1) Ethyl 2-hydropesfluoroisobutyl ether as colorless liquid with b.p. 82-83° (739 mm); d™ 1.3089; 
1,294C, It did not contain nimogen, According to Literature data [1}, ether has 
b.p. 83.5-84°; d™, 1.4061; n™D 1.2950, 2)B-MonohydroperMuoroisobutyl azide (this could not be isolated in an 
analytically pure van as its boiling potas was close to that of ethyl 2-hydroperMuoroisobutyl ether), The colore 
less Liquid had b.p, 71° (739 mm); 1.5840; n™D 1.3020, 


Found % C 20.20; H 0.91; F 61.60; N 14.25 C,HF,N,. Calculated % C 19.85; H 0.51; F 62,55; N 17.38 


had b,p, 112740 mm) 1.4350; n“D 1.3172; mol, weight found 214, calculated 221, 


Found%e C 82,64; 2,21; F 52,52; N 5.68 Calculated C $2.62; H 2.25; F 51.50 6.83 
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Reaction of Perfluoropropylene with Triethylammonalumn Azide, The dry propylene (2.5 Uters) was passed 
into a solution of 14 g of ulethylammonium azide in 20 mi of symmetrical tetrachloroethane at 0°, The ree 
action mixture was washed with dilute kydrochloric acid and water and dried with magnesium sulfate, The solue 
tion was placed in a Favorskil flask, the outlet of which was connected to an ampoule cooled in a dry ice~acetone 
mixture, Liquid (7 mi) was collected in the ampoule at 2 residual pressure of 50-30 mm, The liquid was vans 
ferred to a distillaticn flask with a condenser and an adapter, whose end was connecied to an ampoule {inmened 
in a cooling mixture. As soon as the liquid in the Mask reached room temperature, the evolution of niuogen be= 
gan and a gaseous substance condensed in the ampoule, When the evolution of nitrogen ceased, the residue was 
distilled on a fractionating column, 6 -Monohydrope:Nuctopropyl azide was a colorless liquid with b.p. 51% . 

1.4967; 1.3105; MRp found 24.88; calculated 24.64, 


Found % N 21.96; F 59.08 C,HF,Ny. Calculated $< N 21.76; F 59.06 
The gas collected in the ampoule had b.p. -17°. Mot. weight: found 143.2, calculated 145, 


Found F 65.77 CF,~CF = CF-N~-F, Calculated %: F 65.50 


Hydrolysis of Perfluoroazacyclobutene-2, Into a Jar fitted with a stopper with a tap were placed a 1/10 N 
soiution of lkail and a sample of perfluorcazacyclobutene-2, The Jar was evacuated and the ampoule with the 
sample broken; the mixture was left to stand for 30 min and then the excess alkali titrated and the fluorine con= 
tent of the solution determined (12.87%), 
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COLOR OF ARSENO COMPOUNDS AND THE DEVELOPMENT 
OF COLOR DURING POLYMERIZATION 


M. Ya. Kraft 


S. Ordzhonikidze All-Union Chemicopharmaceutical Scientific Research 
Institute 


(Presented by Academician A. N, Nesmeyanov, October 13, 1959) 


Translated from Doklady Akademli Nack SSSR, Vol. 131, No. 6, pp. 142-14, 
April, 1960 


Original article submitted October 6, 1959 


The intense yellow color of salvarsan was previously [1) explained by the presence of ~As=As— groups in 
{ts structure, similarly to the color of azo compounds, and it was even considered that this color confirmed the 
previously accepted structural formula, However, it has now been shown that salvarsan is & polymeric compound 
[2) with the structure 


HO rere —As—OH 


R 
so that this explanation of the color naturally is incorrect. The actual reason for the colcr of sslvarsan, its chromo= 
phoric group, is a chain of unsaturated arsenic atoms, Of the five valence electrons of As, thrce are used in the 
formation of the bonds shown in formula (I) whfle the remaining pair of electrons are involved in that interaction 
of the clectronic systems of the atoms that we call “conjugation of the bonds* in the case of a chain of unsaturated 
carbon atoms, From this point of view, the salvarsan molecule, an unusual polyene, is colored in exactly the same 
way 2s compounds with quite a long chain of conjugated bonds (unsaturated carbon atoms), This point of view is 
confirmed by the following facts: Arsenomethane, which is an almost colorless liquid with b.p. 1907/15 mm, forms 
intensely colored polymas, Arsepomethane is knownto be a cyclic a (11), while the polymess f havea 
linear structure [3] (1, R= CH). 


- 


2 


In this case there can hardly be any other explanation for the color of arsenomethane polymers as,apart from the 
chain of unsaturated arsenic atoms, the polymer molecule contains no chromophoric groups, Moreover, A. Michclis 
[4] observed that arsenobenzene forms resins (polymesizes) very readily, A sticky, yellow resin Ls obtained in this 
case (5) Any other explanation of tie color ts difficult in this cate also, In addition, the formation of chairs of 
unsaturated atoms of other element is known to lead to the formation of colored compounds, Thus, H;S ts colore | 
less, while polytulfanes (for exsmple, HS—S—&5—-S—5—H) have a yellow color, All that hes been said conclusively 
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indicates that the chromophore of salvarsan is the chain of unsaturated As atoms, We consider that the determine 
ation of the actual reason for the color of salvarsan Is of great Linportance for the determination of the structure 
of other arseno compounds, After the discovery of the chemotherapeutic activity of salvarsan by Ehrlich and Bert- 
heim [1}, a large number of investigators have synthesized “arseno comnpounds” of various types (all fsomers of 
salvarsan and iis homologs and analogs among heterocyclic and polycyclic compounds have been prepared), As 

a result, various arseno compounds have been described in the Iterature, which, however, have not been studied, 
We are unzble to study all the arseno compounds described in the literature, the more so as these Investigations 
ere far from simple (the study of the structure of salvarsen required many years of tenacious work), The color of 
arseno compounds provides a good criterion for determining their suructures: If the arseno compound Is colored, it 
contains a chain of unsaturated As atoms znd therefore is a polymer, while colorless arseno compounds, especially 
if they crystallize, are cyclic compounds with six- (as in the case of arsenobenzene [S]) or five-membered rings 
of arsenic atoms, 


We present a few examples from the targe number of arsero compounds investigated, 4,4°-Diaminoarseno- 
benzene vas described by P. Ehrlich and A. Bertheim (6) as a yellow anit which dissolved in dilute acids to 
form yellow solutions, 


According to the ideas above, this compound is a polymer and as in the case of salvarsan, Its chromophore 
is a chain of unsaturated, wivalent arsenic atoms (formula I, R s—{ _/— Ni). The polymeric nature of this 


compound is also indicated by the data of P, Enrlich and A, Bertheim, who reported that low results were obtained 
when it was determined iodometicaiiy, as in the case of salversan, and this is explained by the presence of tere 


minal groups in the polymer molecule (2} 


Novarsenol (neosalvarsan) is also a yellow powder, sisting in water to form a yellow solution, which {ne 
dicates its polymeric structure [formula I, R = ~CgH,(OHXNHCH;SO,Na)}. We previously [7] assigned a poly 
meric structure to novarsenol on the grounds that ir is obtained under very mild conditions by the action ofrongale 
‘ite (HOCH,SO,Na) on a pelymeric compound (salvarsan) and also on the basis of data on the diffusion of iu solu 
tions [8}. The yellow color of novarsenol is confirmation of the compound's polymeric structure, 


Such arseno compounds as arscnobenzene, artenotoluene, and arsenoanisole, which are colorless and crystale 
lize readily, are cyclic compounds, containing a six-membered ring of As atoms [5}, The development of color 
on polymerization has also been observed in other cases where chains of unsaturated atoms are formed, Thus, W. 
Kuhen and W, Buchwald [9] observed that almost colorless phosphobenzene, to which they assigned the following’ 
cyclic structure on the basis of a cryoscopic determination of the moleculsr weight: 


GH, — —_ — CH, 


melted at 150.5° to form an intense yellow substance, Similarly, when arsenobenzene fs fused,it polymerizes to 
form a sticky, yellow resin, It is extremely probable that the same occurs when *phosphobenzene® is fused and in 
any case, the yellow color of the melt conclusively indicates the formation of a chain of unsaturated, tivalent 
phosphorus atoms, In previous work [10] we showed that the so-called Schenck's phosphorus, which is obtained by 
heating a solution of yellow phosphorus in PBrs, is actually a polymer, consisting of P atoms with == P—Br terminal 
groups, and not an adsorbate of PBr, on red phosphorus, as was considered, In our opinion, the color of Schenck's 
phosphorus (orange-red) is good confirmation of the structure we proposed, 


In actual fact, in accordance with all that has been stated, the color of Schenck's phosphorus and probably 
that of other forms of red phosphorus may be explained by the formazion of not just chains of trivalent P atoms, 
but a lattice of these atoms, We have the same in graphite, in which each carbon atom is firmly bound to only 
three nearest atoms (C—C © 1.42 A), while the bond with the fourth atom fs incomparably weaker (C—C = 3.35 A). 
Thus, @ graphite “molecule” {s a plane of hexagons formed by unsaturated carbon atoms and this naturally leads 
to the possibility of “conjugation of bonds® in two dimensions, which also explains the absorption of all visibis 
tadistion by graphite, The crystal structure of diamond shows wat all four valence clecuons of the carbon atoms 
are uted in the formation of identical bonds (the C—C distance equals 1.54 A in all cases) and therefore dismond 
is colosless, Thus, the color of true polyenes (for example, carotene), salvarsan, and other polymeric arscno come 
pounds, and also polymeric compounds of phosphorus and ee is caused by the same phenomenon, nemely, 
the formation of chains or lattices of unsaturated atoma, 


| 
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DIFFERENTIAL CONDUCTOMETRIC TITRATION OF A MIXTURE 
OF METHYLCHLORSILANES IN NONAQUEOUS SOLUTIONS 


‘A. P. Kreshkow and V. A. Drozdoyv 


D. L Mendeleev Moscow Institute of Chemicotechnology 


(Presented by Academician L V. Tananaev, December 25, 1959). 


Translated from Doklady Akademif Nauk SSSR, Vol. 131, No. 6, pp. 1%5-1H48, 


April, 1960 


Original article submitted December a 1959 


In recent years, monomeric and polymeric organosflicon compounds and also various materials based on 
them have found wide practical application in science and industry, and in various new techniques, The main 
raw materials for their synthesis are alkyl (aryl) chlorosilanes, which are mmionaes by direct synthesis from alkyl 


{aryl) chlorides and metallic silicon 


Resistance 


ml 


Dimethylaminoantipytine solution 


Fig. 1, Curves for the conductometric 
uation of binary mixtures of methyle 
thiocyanosilanes with a 0.1 M benzene 
solution of dime thylam{inoantipyrine in 
an acetonitrile~diethyl ether medium: 
1) methylurithlocyanos Llane ¢ dimethyle 
Githlocyanosilane; 2) wimethylthlocye 
anosilane ¢ dimethyldithlocyanos{lane; 
3) trimethylthiocyanosilane ¢ methyle 
trithlocyanosilane; 4) curve for the ree 
placement of chlorine atoms in alkyle 
chlorosilanes by thiocyano groups, 


However, up to the present no methods with sufficient 
accuracy and speed have been developed for the analysis of 
multicomponent mixtures of alkyl (aryl)chlorosflanes [2, 3], 
The methods of analyzing alkylchlorosilanes based on their 
fractional distillation and subsequent determination of chlorine 
in the fraction obtained [4] and also the gas—liquid chromatoe 
graphic [5}, mass specuomenic [3], and Raman spectral methods 
{6} require complex apparatus, have been deveioped limle, and 
therefore have not peen introduced into practice, There are also 
other methods of analyzing alkyl (ary])chlorosilenes [7-9), but 
they have only been applied to the determination of individual 
compounds, 


We developed a new method of differential quantitative 
determination of individual methyl chlorosilanes in binary and 
three-component mixtures, consisting of uimethylchlorosilane, 
dimethyldichlorosilane, and methyltrichlorosflane, The method 
is based on preliminary quantitative conversion of alkylchloro= 
silancs into alkylthiocyano derivatives by means of ammonium 
thiocyanate and subsequent conductometric titration of the alkyle 
thiocyanosilanes in an acetoniurile~ether medium with a bere 
zene solutioa of dimethylaminosntipyrine, 


EXPERIMENTAL 


The materials for our investigation were trimethylchloroe 
silane, dimethyldichlorosflane, methylaichlorosilane, and theiz 
binary and three-component mixtures, The starting methylchloroe 
silanes were purified and had physicochemical constants cosrese _ 
ponding to Literature data, Solutions of methyichlorosilanss 
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dry benzene were prepared, For the titration we used & 
0.1 M benzene solution of dimethylaminoandpyrine, pre= 
pared from an accurately weighed sample cfreagent. We 
were the first to use dimethylaminoanupyrtine as a titrant, 
The dimethylaminoantipyrine was recrystallized from 
water and dried to constant weight {n a thermostat at 105°, 
Ammonium thiocyanate was prepared as a 0,3 M tolutioa 
in acetonitrile, The titration was carried out in a closed 
‘cell with platinized platinum electrodes in the form of 
small plates (1 x 1 cm) sealed into the ld of the cell. 
The apparatus for conductomemic titration consisted of the 
ISL gem following parts: an R-38 slide-wire voltage bridge, a ZG~1 
sound generator, and an INO-ZM null indicator instrument, 


Resistance 


Dimethylaminoantipyrine solution 
Determination Procedure. Into the conductometic 


Fig. 2, Curves for the conductomette tit= titration cell was poured a mixture of solvents, consisting 
ration of three-component mixtures ofmeth= of 2 parts (by volume) of acetonitrile and 3 parts of diethyl 
ylthiocyanosilanes with a 0.1 M benzene ether, The mixture of solvents had sufficient electrical 
solution of dimethylamincantipyrine in an conductivity for the given titration and ensured that the 
acetonitrile—diethyl ether medium: 1) tri- products of the chemical reactions occurring were precipit= 
methylthiocyanosflane + dimethyldithlocy- ated. Into the prepared mixture of solvents were poured 
anosflane + methyl tithiocyanosilane (in benzene solutions of the methylchlorosflanes from a micto= 
rado of 1:1:1); 2) uimethylthiocyanosil-  burette and the solution uated with ammonium thiocy- 
ane + dimethyldithlocyanosilane + methyle anate, 
Uithlocyanosilane (in s raulo of 1:2: 2), 


An exchange reaction occurred between the methyle 
_ chlorosilanes and ammonium thiocyanate according to the 
equation 


(CH,),SiCl,_, + (4 2) NHSCN (CH,),SI (SCN), — 2) 


The ammonium thiocyanate was added from e burette until there was a sharp fall in the resistance of the ° 
solution analyzed, accompanied by the cessation of ammonium chloride precipitation, As excess ammonium 
thiocyanate hampers subsequent operations, it 1s recommended that the volume of ammonium thiocyanate ree 
quired for substitution of the chlorine atoma is first determined in a blank experiment, After the mixture of methyle 
chlorosflanes had beeo titrated with ammonium thiocyanate, the substitution products obtained were titrated with 
0.1 M benzene solution of dimethylaminoanupyrine, The resistance of the solution analyzed was measured after 
the addition of every 0.02-0.04 ml of reagent, * 


The nature of the conductometic titration curves for mixtures of methyl thiocyanosflanes is shown In Figs, 
1 and 2. Figure 1 shows utration curves for various binary mixtures of methylthiocyanosilanes, Figure 2 shows 
conductometric titration curves for three-component mixtures of methylthiocyarosilanes, - 


Analysis of the curves shows that the thlocyano derivative from the methylchlorosflane with the smallest 
number of chlorine atoms was timated fist, Then the dimethyldithlocyanosilane was titrated and finally methyt~ 
tithiocyanosilane, Le., the derivative from methyluichlorosilane, whose molecule contains the greatest number 
of chlorine atoms among the possible methyIchlorosilanes, 


The smallest amounts of methylchlorosflanes which could be determined in a mixture by the method pro= 
posed were found experimentally; not less than 0.0055 g of (CH,),SICI, not less than 0.0025 g of (CH,),SiCls, 
and not less than 0.0023 g of CH,SiCI, in 12 ml of mixed rolvent, In the case of an high concentrations of © 
methylchlorosilanes, the anslyzis solution should be dilnted, . 


The results of quantitstive analysis of binary mixtures of methylchlorosilanes , are 5 presented in Table i, 


The data in Table 1 show that two-component mixtures of methylchlorosflanes may be analyzed by con» 
éuctometi¢ tiation with sufficient accuracy. The selative error of the determinations wes # 2%, 


° 
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TABLE 1 


Results of Quantitative Analysis of Binary Mixtures of Methyl- 
chlorosilanes by Conductomerric Titration 


Composition gf mix: | Taken, g Found.g | Error, 
A 4) (CHs)sSiCl 000423 000423 0 
(CH3):SiCls 0,00320 0,00314 —2,0 
2) 0,00538 0,00541 +0,6 
0, 00412 0,00407 —i,3 
B 4) (CHs):SiCls 0 ,00320 0,00315 —i,7 
CH;SiCls 0,00228 0,00:3 +0,9 
2) 0,00412 0,00420 42,0 
CH,SiCls 0,00342 0,00346 +1,2 
C 4) (CH;)sSiCI 0,00423 0,00428 +1,2 
CHSSiCls 0,00228 0,00232 +1,8 
2) (CH;),SiCI 0,00538 0,00533 0 
CH,SiCls 0,00342 0 ,00346 +1,2 


TABLE 2 


Results of Quantitative Analysis of Three-Component Mixtures of Methylchlorosilanes by 
Conductomeuic Titatioa 


_yzed & 
4) (CH;),SiCI 0,00423}0,00423] 2) (CH;),SiCI 40,6 
0,00320}0,00316] —1,4 0,00320 0,00324| +4,3 
CH,SiCls 0,00228 ,0,00231 42,0 CH,SiCl 0,00228 0,00224 —i,9 


The results of quantitative analysis of three-component mixtures of methylchlorosilanes are presented in 
Table 2, 


The data in Table 2 show that three-componentsystems may be analyzed quantitatively for each component 
of the mixture with sufficieet accuracy if the concentrations of the methylchlorosilanes are not below the limits, 
The relative exror of the determination of the individual methylchlorosilanes in the three-component mixture by 


the method proposed was ¢ 2%, 
Thus, the method proposed for the quantitative determination cf alkylchlorosilanes {s rapid and accurate 


and may be used successfully for the analysis of individual alkylthiocyanosflanes and muluicomporent mixtures 
of them, for which po differential determination methods have been described in the Iterature, 
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Despite the fact that it was first prepared only in 1946, sodium borohydride, NaBH, has already found wide 
applicauon {n recent years as a selective reducing agent, an intermediate product in the production of fuels of 
high calorific value, a source of diborane, and a compact hydrogen carrier (1}. Sodium borohydride dissolves 
readily in water with only insignificant hydrolysis, The hydrolysis of aqueous solutions of sodium borohydride may 
be reduced to an insignificant amount by the addition of alkali, even at temperatures above room temperature [2}, 
The solubility of NaBHy {n 0.1 N aqueous NaOH solution in relation to remperamre (0 to —50°) was studied by 
Jensen [3]. According to his data, the dihydrate NaBH, - 2H,0 is in equilibrium with a saturated solution of sodium 
borohydride at temperatures below 36.4° and anhydrous NaBH, above this temperature, The temperature of 34,4° 
ata pressure of 1 atm corresponds to the equilibrium of the saturated aqueous solution with the two solid — 
NaBH,* 2H,O and NaBhy. 


We studied for the first ume the full solubility isotherms of NaBH,— NaCH—H,O at 0°, which is of consider 
able interest for establishing the conditions for stabilization of aqueous solutions of sodium oa and for 
swudying the conditicns for isolating its crystal hydrates, 


In the work we used sodium borohydride containing 99.8% of NaBHy, obtained by ts two o liquid ammonia exe 
tractions of the technical product containing 85% of NaBHy, sodium hydroxide in the form of a 50% aqueous solu 
tion of chemically pure N2OH [4], and fresh distilled water, The investigation was carried out by determination 
of the cosolubility of NaBH, and NaOH in water under isotherinal conditions with the simultaneous chemical snale 
ysis of the solid phase by Schreinemaker‘s method [6] and a microscopic examination of it, Glass vessels with a 
stirrer with an off seal and a side arm for the removal of samples were placed in a thermostat containing a mixe — 
ture of distilled water and ice to maintain the temperature at 0° with an accuracy of #0.1°, According to chem= 
ical analysis data, the time to establish equilibrium was 2-3 hr, The solid and liquid phases were separated by 
filtration through a porous filter under isothermal conditions, . 


The liquid phase and solid residue were analyzed chemically by titration with 0.3 N HCI to Methyl Red fee 
determining the total alkalinity and by subsequent Uuation with 0.1 NNaOH in the presence of mannitol to pnenole 
phthalein (5) for determining the boric acid formed as a result of hydrolysis of the sodium borohydride, The NaBH, 
content was calculated from the boron analysis data and the NaOH content was found by difference, 


The solubility diagram of the NaBH~NaOH—H,O ternary system at 0° (Fig. 1) shows that the dihydrata 
NaBH, *2H;O crystallizes from a saturated aqueous solution of sodium borohydride A (28.9% of N28H,) as the NaOH 
content is increased up to a composition corresponding to point B (22.9% of NaBH, and 22.5% of NaOH), whea 
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Isotherm for the solubility of NadH2nd NaOH in water at 0°, 


anhydrous sodium borohydride crystallizes, and beginning with a composition corresponding to point C (12.3% of 
NaBH, and 44.4% of NaOH), sodium hydroxide monohydrate, NaOH- H,0, crystallizes, Apart from NaBH,*2H,0, 
MaBH,, and NaOH’ H,O, no solid phases were found ia equilibrium with the saturated aqueous solution, 


Attentioa is ataacted by the part of the NaBH, -2H,0 crystallization curve adjacent to the dehydration point 
B, With the addition of sodium hydroxide to a saturated solution of NaBH,, from the Law of Mass Action one woul 
expect a continsozs decrease in the solubility of the dihydrate. However, the latter is observed only at the begin= 
ning of the curve and then the solubility of NaBH, -2H,O increases appreciably with an increase in the NaOH con= 
centration in the solution, which may be explained by the formation by the component of a complex compound 
that is only stable iz solution, : 


The {sotherm obtained for the solubility of sodizm borohydride and sodium hydroxide in water at 0°, which 
is the first such diagram for a water~salt system with a borohydride anion, in addition to showing the compositions 
of the saturated solutions and the conditions for isolating crystal hydrate forms of sodium borohydride and sodium 
hydroxide, showed the crystallization of anhydrous sodium borohydride (at definite N2OH contents), The quite 
_ wide concentration region corresponding to the crystallization of anhydrous NaBH, indicated the possibility of ree 
fining technical sodium borohydride by recrystallization from aqueous solutions of sodium hydroxide, 
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lodosobenzene ey) and its derivatives (acetate, fluoride, and benzoate) (II, X = CH,;COO, C,H,0O, F) are 
known in organic chemistry as very strong oxidants [1-3] and as starting materials for the preparation of aryli- 
oconium salts [4-7], Phenyliodoso acetate (Il, X CH,COO) is used most frequently, The reaction of phenyliodoso 
acetate are divided into two groups, Firstly, in reactions with alcohols, a-glycols, and amines, it oxidizing pro- 
‘perties appear and the corresponding ketones, azo compounds, and other products are formed [1-3} In such ree 
actions, phenyliodoso acetate corresponds completely to lead tetraacetate and to explain the course of wils reace 
tion, Pausacker and his co-workers put forward a radical mechanism [8, 9}, The first stage of the reaction is the 
elimination of a molecule of acetic acid and the second fs the en of the intermediate product accord- 
ing to the following scheme; 


CH 
OOCCH, 


Secondly, in the presence of strong acids, phenyliodoso acetate is capable of reacting with a — 
carbons to form fodonium salu, 


Actually, both types of reaction are based on a common scheme, which'consisn of the following: a) elf- 
mination of a labile proton and the formation of the corresponding derivative of dicovalent fodine, b) decompo= 
sition or stabilization of the intermediate product, which depends on the nature of the new lodine~element (C, 
N, or O) bond and the anion present, The reactions of phenyliodose acetate with some 8 -diketones aa ch 
are in complete agreement with the mechanism presented above, - ; 


We previously reported that dimedone reacts with fodosobenzene and fluoride Re to . 
form an internal fodonium salt of the enolate-betaine type (Il, = Rg 


Mo wm 
Cc. 


$=Phenylo1,3-cyclohexanedione reacts in the same way to form the corresponding fodoniuin derivative (II, R; © 
© H; Rg = Celt) When this reaction was extended to other B -diketones, it was found that the fodoniam 
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compounds could not be fsolated, Acetytacetone, dibenzoylmethane, 1,3-indandione, and 2-phenyl-1 ,3-indan= 
dione were investigated and also acetoacctic ester and malonic ester a3 examples of B keto esters, Depending 
on the lability of the protons of the compounds Investigated, the reaction with phenyllodoso acetate proceeded 
with a greater or smaller heat effect and fodobenzene was formed in all cases, In the case of dibenzoylmethane 
and phenylindandione, the second reaction product was found to be a 2-acetoxy derivative (IV and V).- 


te 


tore 
Cc 
2-Acetoxydibenzoylmethane has been reported in the Mterature [12] and the structure of our product was 
further confirmed by infrared specua, 2-Acetoxyphenylindandione was obtained by synthesis from 2-bromophenyle 
indandione and potassium acetate and its structure was confirmned by the infrared spectrum, Indandlone formed 
products which could not be identified. No special experiments on the acetoxylation of acetylacetone and aceto= 
acetic ester were carried out, and the reaction of acetoacetic ester, acetylacetone, and also dibenzoyl methane 
with phenyliodoso acetate was carried out in the presence of pyridine, It was found that enolate-betaines cf pyridi- 
nium 6 -dicarbonyl compounds (VI) could be isolated from the reaction products, 


Such compounds could be formed as the products of heterolytic decomposition of the corresponding fodonfum 
compounds, Consequently, it can be assumed with high probability that in the first phase of the reaction of phenyl- 
fodoso acetate with B-dicarbonyl compounds, a Ceiodonium derivative is formed, It may be assumed that those 
8 -dicarbonyl compounds which are capable of existing in ac enol form react ia this form with subsequent electro» 
philic attack of the carbon atom of the active methylene group, It is assumed that the attacking agent is the ca 


+ 
“tion -OOCCH,, which requires a labfle proton for its formatjon, If sale of B-diketones are used of the 
reaction is carried out in the presence of proton acceptors (wiethylamine or pyridine), the reaction rate ts decreased 
considerably, 


As a result of the reaction, an Jodonium salt (VII) is formed and this may be stabilized in the form of an 
internal salt or decompose, A typical heterolytic decomposition occur in the presence of pyridine, The forma- 
on of acetoxy derivatives may occur both heterolytically and homolytically, 


Consequently, the reaction of phenyliodoso acetate with B-dicarbonyl compounds is a new confirmation of 
the double reactivity of the latter and again shows the great difference between the properties of B -diketones of 
the 1,3-cyclohexanedione series and of the other groups Investigated, The former formed only internal fodonium 
salts even in the presence of pyridine, while acyclic B-diketones and indandiones formed decomposition products, 
This difference may be explained by particolar structural factors of 1,3-cyclohexanediones, for which exwemely 
sapid secondary enolization is possible, This has been found repeatedly in the titration of the latter with bromins 
(196% of enol is obtained) (13}, The great similarity a the properties of Laon and phenols [14] 
may also be pointed out, 
The pyridinfum enolate=betaines (VI) obtained were yellow crystalline substances, The dibenzoylmethane 
Gerivative (VI, Ry = Res CyH,) has been reported in the Uterature [15}. The derivatives of acetylacetone (V1, 
R, = CH,) end acetoacetic ester (VI, Ry CHy Rg OC,H,) rapidly picked up moisture in alg and this caused 
—— fell in the melting point, The melting pelaen: of these compounds were unsuitable for accurate charactere 
tion, 
The enolate-betaines were characterized by the ultraviolet and infrared spectra. The 
spectra were plotted in neutral and acid media and showed an interesilng in with the absorption 
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Characteristics of Substances Obtained 


n nt in 
yield 
in % 


Infraced absorption - 
maxima 


solid, em*! CHI, 


Ultraviolet 


Calculated} absorption 


Substance maxima in 


CH,OH,mp 


lutiongm™® 


2-Acetoxydi- 
benzoymethy 
ane 


Colorless, 
(4° 
94° 

80% 


Oe 
C 72,32 
H 4,96 


4582 (56) 
4558 (70) 
1694 (95) 
$753 (92) 


2-Acetoxy-2- 
phenyl-1- 
3-indandione 


Colorless 
164—165° 
47% 


Crt 
C 71, 
H 


1592 (50) 
4724 (90) 
1744 (89) 


Enolate-betaing 
of pyridinium; 
dibenzoyl- 
methane 


220° 15) 
67% 


1 30,N 
N 4,65 


222 (14409) 
{ 312 (2240) 


1465— 
4480 (100) 
4545 (89) 
4581 (53) 
4628 (52) 


$497 (100) 
4553 (44) 
4626 (20) 


ms 
acety acetone 


172—174° 
17% 


N 7M 


312 (760) 
In the acid 

Medium 
256 (12600) 


(49300) 


1544 (100) 


4583 (84) 
4627 (89) 


1512 (89) 


1582 (28) 
4623 (24) 


ridinium< 
oaceuc 


Darkeyel- 
414—119° 
24% 


WN 6,76 


257 (18500) 
376 (850) 
In the acid 

medium 

234 (879) 


4544 (80) 
4627 (57) 


4670 (94) 


1704 (68) 


4533 (65) 
4624 (44) 


4654 (43) 
4718 (43) 


* In the literature [18} ~250(10500) and ~320 (10500) without indication of solveat. 
The value of € is given in brackets for the ulaaviolet spectra and the percent absorption 
{s given in brackets for the infrared spectra, 


of the B-dicarbonyl compounds themselves, There was a considerable hypsochromic displacement of the K-band 
of the enolate anion system (approximately 20 mp), which is explained by the change in the electron structure of 
the enolate anion in the given enolate-betaines (11), In an acid medium the enolate-betaines showed a strong 
displacement of the absorption maximum, which was connected with the formation of the un-ionized focmn, It is 
interesting that the absorption maximum of the un-ionized formof the enolate-betaine {s 10 mp below that of 
the enol form of the B-dicarbonyl compounds themselves and coincides with that of trans-enol ethers [16], Con- 
sequently, the absorption of enols of acetoacetic esters andacetylacetone indicates the cis form, while the ak- 
so:ption of the un-ionized forms of the pyridinium enolate-betaines indicates the trans configuration of the lattes, 
Ap exception is the dibenozylmethylpyridinium enolate-betaine, whose absorption spectrum in an acid medium 
showed only one absorption maximum around 250 mp. This indicates decomposition of the substance,as all di- 
benzoylmethane derivatives are characterized by two absorption maxima {17}, 


The infrared absorption specwa of the enolate-betaines investigated were complex in the double-bond ree 
gion and are difficult to interpret as yet, Nonetheless, it is interesting to note the typical behavior of the absorp= 
tion of the carbonyl groups of the systems investigated. The pyridinium enolate-betaines of acetylacetone and die 
benzoylmethane did not show absorption in the normal region for carbonyl groups, On the other hand, the derive 
ative of acetoacetic ester showed absorption at 1718 and 1654 em™, which indicates considerable concentration 
of charge on the carbon atom of the active methylene group, Consequently, the absorption spectra of the enolate= 

_ _ betaines investigated confirm that the localization of — in enolate anion systems depends toa — Cxteng 
on structure} 
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Primary amines of the furan series with the amino group in the side chain are usually prepared by catalytic 
hydrogenation or reduction of oximes of appropriate furan aldehydes or ketones, 


Another route to the synthesis of amines consists of reductive amination of saturated and unsaturated alde= 
hydes and ketones in the presence of ammonia, There has been litle study of the application of this method to 
carbonyl compounds of the furan series, The preparation of furfurylamine from furfural by this method [1) and 
also the preparation of some furan amines from a,B-unsaturated furan ketones [2] have been reported, 


By a detailed study of this method, we established that hydrogenation under pressure in an ammonia~al- 
cohol solution in the presence of Raney nickel could be used for preparing corresponding primary furan amines 
not only from o,8-monounsatursted furan ketones (up to 6% of theoretical yisid), but also from diene ketones 
(up to &4% of theoretical yield), On the example of acetyl furan, it was also shown that saturated furan ketones 
with the carbonyl group in position 1 relative to the furan ring are smoothly converted into primary furan amines, 
The furan ring was not hydrogenated under these conditions, 


Thus, it was shown that this is a general reaction for converting various saturated and unsaturated furan 
ketones in high yields into tiie amines with amino groups in posicions 1, 3, and 5 of the side chain, 


H,, NH. 
(Ci = C— 


Rel. Ch. CHW. ety, 


The most important properties and analyses of the furan amines obtained in this way are given in Tablel, 

The table also give some physical constants of the N-acetyl derivatives of these amines, which were ready 
formed in up to 94% yield by the action of acetic anhydride on the amines, The hydrogenation of primary furan - 
amincs which were not substituted at the ninogen pver Raney nickel,was complex, However, the N-acetyl derive 
atives of the amines were readily hydrogenated in dioxane solution under relatively mild conditions (Raney Ni, 
80-120", Hy pressure up to 100 atm) to give the corresponding derivatives of tewahydrofuran amines, The acetyl 

Serivatives of tetrahydrofuran amines were by with an alcohol solution of todium hydroxide 
up to 170° in an autoclave, 


NHCOCI KHCOG 


| 
1 | 
1 1] 
4 
itt 
Be 


TABLE 1 
Physical Constants and Analyses of Furan Amines 


NeAce 


1 


derivatives 


B, ee 
Compound 


b.p.. 
*c/mm 


(CH,),— CH — CH,— CH(CH,)s | 110— 191/16 11671010, 9250 


119-120 10 


CH,).— CH — CH 


NH 


TABLE 


133-1370 
163—168/18 


178-1790 


172-1743 


197—198/10 


Physical Constznts and Analyses of Tetrahydrofuran Amines and Their N-Acetyl Derivatives 


Compound 


>, 
3 


NCOCH, 


NIICOCH, w 


arp | |e 
' 
12,27 
10.23 
4.47] 56.92] 2:22 | 2.72 | 
| 
\o/ (207) 52,35) 89,72) | 7.81 | 
6.¢2 
| 63.43) | 6.08 
6.0 
69,76] 69, 5.64 6,12 
|| a% H.% N, 
6, 
NHCOCH, 
3 


Some properties and the analyses of the tetrahydrofuran amines and thelr N-acetyl derivatives are presented 
in Table 2, 


All the amines of the furan serles and thelr N-acetyl derivatives, regardless of the position of the amino of 
amido group relative to the furan ring, showed intense absorption in the uluaviclet at 215-217 my (log €,,35 ~ 
~ 3.95) and less intense absorption at 270-275 mp (log ~1.25). Amines of the tetrahydrofuran series and 
thelr N-acetyl derivatives showed no selective absorption in the ultraviolet region, Infrared absorption spectra 
were plotted for the furan and tetrahydrofuran amines; absorption frequencies in the range 800-1500 cm™! cone 
firmed the presence of furan and tetrahydrofuran tings, respectively, while absorption frequencies in the range 
3250-3450 cm™ confirmed the presence of amino groups, 


The furen and teuzhydrofuran amines were then used for the synthesis of pyrrolizidine snd dihydrod {pyrrole 
derivatives, These ninogen heterocycles ee present in many aikeloids, 


Such substances are normally synthesized by a mulustage route, Nonetheless, it is not difficult to see that 
the relative positions of the amino group and the oxygen etom of the ring in furan and tetrahydrofuran amines with 
an amino group in positfon 3,and beyond, in the side chain are such that they favor an intremolecular cyclization 
with the formation of a bicyclic system,with the niwogen atom common to the two rings, A cyclization of this 
type was attempted with 1-(a-furyl)-3-am{nopropane (3) over aluminum exide at 400° but the product obtained 
was not characterized and the ylelds were not given, ‘ 


We carried out experiments on the intramolecular cyclization of 1-+{a-furyl)-3-aminopropane, 1-(a-furyl}- 
8-aminobutane, 2-furylaminocyclohexane, and 1-(a-tetrahydrofuryl)-3-aminobutane, The catalysts used were 
pure aluminum oxide and aluminum oxide activated with thorium dioxide, the instructions for the preparation and 
use of which were kindly given to us by Yu. K, Yur'ev, It was established that furan and tetrahydrofuran amines 
are cyclized over these catalysts to pyrrolizidine o dihydrodipyrrole derivatives according to the scheme: 


The yields of dihydrodipyrroles reached 32%, while those of pyrrolizidine derivatives reached 50% of theoret= 
ical, Table 3 gives data on some physical properties and the analyses of the substances we obtained by this method, 
Investigations in this field are being continued, 


EXPERIMENTAL 
The experimental conditions are illustrated by the following examples; 


Synthesis of 1-{ a-furyl)-3-2minobutane, Into a 250-ml rotating autoclave were placed 40 g of freshly db= 
tlled furfurylideneacetone, 90 ml of methyl alcohol saturated widh ammonta at 0°, and 5 g of Raney nickel, The 
reaction was carried out at 80-100° and a hydrogen pressure of 100-120 atm until the absorption of hydrogen ceased 
(3-4 hr), The hydrogenation product was freed from catalyst by filuation and che methyl alcohol evaporated in a 
nitrogen atmosphere, The residue was diluted with ether and dried with fused potassium hydroxide, The ether wed 
removed and the residue vacuum distilled in a nitrogen atmosphere, The yield was 35-36 g (85-86% of theoretical}, 


The acetyl derivative was obtained by the action of 45 g of acetic anhcydride on 28 g of the amine, The 
reaction product was neutralized with a saturated solution of sodium carbonate, The ofl liberated was washed with 
water, dissolved in ether, and dried with fired MgSO,, the ether removed, and the residue vacuum distilled, 


Synthesis of 1-(a-tetrahydrofuryl)}-3-acetamidobutane, Into e 150-ml steel rotating autoclave were placed 
- 22 g of 1-(a-fury)-G-acetamidobutane, 46 ml of dioxane, and 2 g of Raney nickel, The initial hydrogen pressure 
was 110 atm and the temperature 80°, Hydrogenation wes complete when the calculated amount of hydrogen for 
- the saturation of two double bonds (5,7 Iiters) had been absorbed, The hydrogenation product was filtered free from 
“=, Catalyst and the dioxane removed by distillation, The residue was vacuum distilled, The yleld was 17.7 ¢ (80 
theoretical), (29 g) washydrolized by heating in an autoclave 62179° 


TABLE $ 
Physical Constants and Analyses of Some Dihydrodipyrrole and Pyrrolizidine Compounds . 


B.D. MRD N, % 
Compound ‘c/mm found |cale, {found | calc, 


12,58 
Ci | 41,5212 | 0, 33,07 | 33,13 | | 13,07 


63—65,10 
| 4,515 | 0,90 | 


41,74 
18 | 1.4625 14°76 


8,19 
121—123,10 | 4, 40] 


- 


for 10 hours in the presence of &9 ml of 2 N NaOH in methyl alcohol, The alcohol was then removed by distilla- 
tion and the amine extracied from the residue with ether and dried with fired MgSO,. The residue after removal 
of the ether wat vacuum distilled, 


The amines were cyclized in a flow apparanus of the usual type. 


Synthesis of 3-methylpyrrolizidine, 16 g of 1-(a-tetrahydrofuryl)-3-aminobutane was passed at a rate of 
5-5 drops per minute.Jn a sceam of nivogen,through a glass tube,40 cm long and 1,2 cm in diameter, fflled with 
Al;0,° ThO, (5% thorium dioxide) catalyst at 325°, The liquid catalyzate was collected in a receiver, which was 
carefully cooled with a steam of water, The catalyzate was saturated with solid KOH and exrracted with ether, 
The ether extract was dried with fired Mg SO,. The residue after removal of the ether was vacuum distilled, The 
yield was 6.9 g (S0@ of theoretical), 


The infrared absorption specta were plotted “ A. D, Peshekhonova on an N-809 spectrophotometer and the 
vitraviolet absorption spectra on an SF~4 specucphotometer, 
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Nitro olefins are of interest fiom the point of view of thelr possible use for the syne of Various pectin, 
The main conversion of nitro olefins are as follows; 


Dinitro JS 


ie acids 
CICOOH 


Amines and diamines _Thioamines ‘ 
The purpose of the present work was the preparation of 1enitropropylene from nitromethane and the examine 
ation of its polymerization capacity, 1-Nitropropylene was saeapeain according to the or 


1-Nitropropsnol was by condensation of nitromethane with in 39-50% yield, ‘The 
nitzopropancl yicld depended on the rate at which the acetaldehyde was added to the reaction mixture, JeNitroe - 


propylene was prepared by two methods [2, 3} 1) by pyrolysis of 1-nitropropy] benzoate, which was obtained ia 


Nitro polymers 
Amino syle 


TABLE 2 
Comparative Evaluation of Methods of Preparing 1-Nitropropylene 


Nitropropylene Constants of l-nitropropylene - 


yield 


Preparation 


methods experimental Mterature 


a's 


% mol, wt} b.p.,°C 


Pyrolysis of 1-nitro= 
propyl benzoate 


Dehydration of 
nitopropznol in 
the presence of 
phthalic anhydride 


TABLE 2 


Starting Reaction tem= 


material perature, 


1+Nitropropylene 6 18 


80% yield from 1-n{tropropanol and chloride; 2) by of 1-nitropropanol in the of 
phthalic anhydride (Table 1), , 


The yield of 1-nitropropylene prepared from valent benzoate was 28%,while the yield from dehyd= 
ration of 1-nicopropanol in the presence of phthalic aitate was 61% of theoretical, The constant of the pro- 
ducs obtained differed Little from Uterature data, 


The possibiiry of polymerizing 1-nitropropylene in the presence of BF;, @ saturated tolution of sodium hi- 
carbonate, and sodium methylate was investigated, When BF, was used as the catalyst for polymerization of le 
nitropropylene, it was practically impossible to obtain polymers, With sodium bicarbonate solution, & polymer 
was obtained as a light-yellow powder, which melted with decomposition at +115" . 


The investigations of the polymerization of 1-nitrcpropylene in the presence of seteuen methylate showed 
that it was possible to obtaia a high degree of polymerization of 1-nitropropylene in the presence of this catalyst, 
As the investigation showed, in this case the temperature was the main factor influencing the polymerization of 
1-nitropropylene in the presence of sodium methylate, The degree of polymerization and the saan yield ine 
creased with a fall in temperature,as & shown by Table 2, 


The polymer obtained was a solid, readily combustible substance, which was insoluble in mineral and caganl 
acids, alkalis, niuo compounds, — — chloro derivatives, and alcohols,znd partisIly soluble fa 
dimethylformamide, 


EXPERIMENTAL 


1-Nitropropznol, Acetaldehyde (88 g 2 mole) was added with constant stirring to a mixture of 122 g (2mole 
of nitromethane, 100 ml of 95% ethyl alcohol, and 4 ml of 10 N sodium hydroxide solution at such 4 rate that the 
temperature did not exceed 30-35", After 2/3 of the aldehyde had been added to the reaction mixture, a further 
4 ml of 10 N alkalf solution and 15 ml of water were added, followed by the rest of the aldchyde, The solutioa 
was left at room temperature for 4 days, The mixture was then neutralized with hydrochloric acid and the ethyl 


' * alcohol removed by distillation, The remaining product was vacuum distilled, S-tiuapogenal was obtained as 


B pale yeilow, olly liquid in 89-44% yicld; it had b.p, 84-86° at 5-8 mm, mol, 107, 
14384,- Literature data; bop, 84° at & mm, mol, welght 105, 53,1296; 14378, 


1g | 277 | | 156 |1.06ss 3 
156 | 1.0662] 1.4527 
58.5 | 67 | 156 |1.c6s4 
Reaction Polymer 
time, hr yield, % 
3 23 
| 


1-Nitropropylene (from 1-n{tropropyl benzoate), A mixture of 189 g (1.8 mole) of 1-nitropropanol, 222.6 
(1.8 mole) of benzoyl chloride, and 450 ml of benzene was boiled for 12-14 hr with continvous stirring, 


After the benzene had been removed by distillation at 100 mm, to the reaction mixture was added 100 mi 
of 95% ethyl alcoholand the ethyl benzoate formed was removed by distillation at 100° end 20 mm, 


The reddish-brown residue was dissolved in 50 ml of ether, washed and dricd, and the ether removed; the 
1-nitropropyl benzoate obtained was heated to 150-160° in a Claisen flask on an ofl bath. The nitropropylene 
formed distilled under these conditions and It was purified by vacuum distillauon, It had b.p. — 2145 “> 
mol, weight 89, d™", 1.0655; n®*D 1.4526, Literature data; b.p, 64° at 45 mm, mol. weight §7, d™, 1.0661; n@D 
1.4527, 


1-Nivopropylene (dehydration of 1-nitropropanol in the presence of phthalic anhydride). A mixture of 105 g 
(1 mole) of niuopropanol and 150 g (1 mole) of phthalic anhydride in a Claisea flask connected to a Liebig con- 
denser was heated to 140-150" under vacuum until the mixture becaine homogencous, The temperature was then 
raised to 175-180°, Heating was continued until distillation ceased, The dis:illation anaes: was on ag from 
the water and dried, The yleld was 66.5% and the product had b.p, 54° at 28 mm, M 90, ee ¢ 1.0654; n 1.4526. 


Potymerization of 1-nitropropylene in the presence of BFs. Into a flask was placed 22 g (0.2 mole) of le 
nitropropylene and BF, passed in (the BFs was obtained by the reaction CaF, + 3H,SO, + BO; [4]). The reaction 
was carried out over the temperature range from 0 to +50°, The reaction ane was varied from 30 min to 3 hr, 
There was practically no polymerization under these conditions, . 


Polymerization of 1-nitropropylene in the presence of a saturated solution of sodium bicarbonate, A mixe- 
ture of 11 g (0.1 mole) of nivopropylene and 30 ml ofsaturated sodium bicarbonate solution was heated at 50° for 
60 min with vigorous stirring, The reaction was considered complete when the mass formed acquired the temper= 
ature of the surrounding medium, The solid polymer was then collected by filtration and washed, The polymer 
obtained was dried in alr, The polymer yield was 80% of theoretical, 


Polymerization of nitropropylene in the presence of sodium methylate, The reaction was carried out ina 
round-bottomed flask with a mechanical stirrer, a thermometer, and a reflux condenser, After the polymerization, 
the flask contents were treated with acetone (at normal temperature), Treatment of the polymer with acetone 
formed a pasty mass, This mass was treated with water to coagulate the polymer. As a result, a solid polymer 
separated which was completely inert to water, The water was separated by decantation and the polymer dried 
in air, The yield was 86% of theoretical (at —18°), 
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INVESTIGATION OF THE EFFECT OF THE COMPOSITION OF 
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We established previously that the rate of hydrogenation of 2-ethylanthraquinone depends essentially on the | 
nature of the solvent, The composition of the solvent also affects the selectivity of the process. Only one moie 
of hydrogen was absorbed in N,N-dimethylformamide,while in dioxane, for example, the reaction did not cease 
after the absorption of a mole of hydrogen, {.e., the aromatic nucleus of anthraquinone was also hydrogenated at 
an appreciable rate, The choice of solvent is of exceptional {importance in the industrial process for the produce 
tion of hydrogen peroxide by the quinone method [1}, A number of patents have been devoted to this problem, 
However, the effect of medium on the rate and direction of the reaction have not been examined in them, 


. In the present work we studied the relation of the ~ 
{ an rate and selectivity of the process to the nature of the 
slee solvents and especially the composition of the mixed 
£ solvents dioxane ~N, N-dimethylformamide and dicxane— 
‘ ethyl alcohol, The reaction was carried out in a hydro- 
aay 20 v7) 60 60 g/ liter genation flask over 3 skeletal nickel catalyst at 20°. The 
Quinone concentration ——»= catalyst was prepared by leaching an Ni~Al alloy (50: 


Fig. 1. Relation between the rate of hydrogen= 
ation of 2-ethylanthraquinone and iw concentrae ‘he denen 
tion in dimethyl formamide, ig appropriate solvent, ane was 

: freed from peroxides and other impurities by treatment 

with hydrochloric acid solution and then alkali and was 

dist{lled over metallic sodium in a stream of nitrogen [2] The  dtinethylformamide was freed from amine salu by 
repeated treatment with solid alkali and vacuum distillation [3}, The ethyl alcchol was dried with metallic cale 
cium, For each experiment we used 0,300 g of catalyst and 2.37 g of 2-ethylanthraquinone (m.p, 107-108*) in 
30 ml of solvent, The reaction rate was measured by the rate of hydrogen absorption, In separate experiment, 
samples were taken during the reaction,for polarographic analysis of the catalyzate for quinone content after axfe 
dation by alr, The analysis was carried out on au LP-55 automatic photopolarograph by the procedure in [4}, which 
made it possible to determine 2-ethylanthraquinone, 2-ethyltetrahydroanthraquinone, end 2-ethyloctshydroanthrae 
quinone when present together, The half-wave can of the quinones in 80% methyl alcohol were 0,75, 0.55,” 
and 0,40 Ve respectively, 


Preliminary experiments showed that for the solvents studied and under the conditions choven, the reaction 
tate was independent of the mixing rate at > 200 vibrations pez minute, The experiments desezibed in the present 
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work were carried out with vigorous mixing (800 
vibrations/ min). With the given amount of 
catalyst, the reaction rate remained constant in 

All the solvents tested,up to 30% conversio of the 
2-ethylanthraquinone to 2-ethylanthrahydroquinone, 
The zero order of the reaction in dimethy!forme 
amide was also confirmed by theconstancy of the 
hydrogen absorption rate with a change in quinone 
concentration from 10 to 80 g/liter (Fig. 1). A 
deviation from zero order was observed only during 
hydrogenation in dioxane alone after the absorption 
of 0.3 mole of hydrogen, 


Dioxahe DMFA Dioxane Ethy) ot Figure 2 shows the relation between the rate 

of absorption of the first mole of hydrogen and the 
Fig. 2. Relation between the rate of hydrogenationof composition (expressed in moles) of the binary sol 
2-ethylanthraquinone and the solvent composition (in vents dioxane~dimethylformamide and dioxane= 
moles); a) dioxane—dimethylformamide; b) dioxane- alcohol, Figure 2,a shows that with a change from 
alcohol, dioxane to dimethyl formamide the reaction rate 

increased by a factor of 3-3,5, There was a partic 
ularly large increase in the rate of the process with the addition of up to 20-30 mol, % of dimethylformamide to 
the dioxane, A furher increase in the dimethylformamide concenwation in the mixed solvent had a smaller ef 
fect on the reaction rate, In conwast to this, in the mixed solvent dioxane—alcohol there was a linear relation 
between the reaction rate and the content of the polar component, f.e., alcohol (Fig. 2,b), In the solvent dioxane 
alcohol (72% alcohol) the reaction rate was 4.5 tlmes greater than in dioxane alone, The second and third moles 
of hydrogen were not absorbed in dimethylformamide, while in the other solvents the rate of their absorption was ~ 
considerably less than for the first mole, 


As has been stated, the selectivity of the process also depended on the nature of the solvent, This could be 
assessed from the volume of hydrogen abscrbed, the change in the nature of the kinetic curve, and the change in 
potential of the catalyst during hydrogenation, However, two important questions remained unsettled; whether 
one or both of the aromatic rings of the quinone were hydrogenated and at precisely what stage this occurred, f.e., 
from the very beginning of the reaction of only after a considerable concentration of hydroquinone (quinhydrone) 
in the solution had been reached. These questions are also of practical interest as teua- and octahydroquinones 
are formed by hydrogenation of the nucleus and these have properties that are quite different from those of the 
starting quinone, The use of polarography made it possible to give an answer to these questions, As polarographic 
analysis data showed, apart fiom the hydroquinone, only 2-ethyltetrahydroanthrahydroquinone was formed under 
the conditions of our experiments. Right up to the absorption of 3 moles of hydrogen, the wave at 0.40 v was 
absent from the polarogram, Le., 2-ethyloctahydroanthrahydroquinone was not formed, 


Table 1 shows that the reaction was least selective in dioxane, Even under mild experimental conditions 
(at 20° and normal pressure) the formation of 2-ethyltetrahydroanthrahydroquincne began, After the absorption 
of 0.3 mole of hydrogen, the reaction product were found to contain 1% of tewahydroquinone; after the absorption 
of 9.5 mole of hydrogen, 2%; after 0.75 mole of hydrogen, 4%; and after 0.95 mole of hydrogen, 8% of terrahydro= 
quinone, Thus, tetrahydroanthrahydroquinone was formed mainly after the absorption of 0.5 mole of hydrogen, 
The addition of 1% alcohol to the dioxane increased the specificity of the process somewhat; after the absorption 
of 0.5 mole of hydrogen, 1% of 2-ethylietrshydrcanthrahydroquinone was formed, and after the absorption of 0.95 
mole of hydrogen, 5%. In hydrogenation in a solvent containing 90% of dioxane and 10% of alcohol or equal vole 


umes of dioxane and alcohol, tenahycungrinene was not detected in the reaction products even after the absorption 
of 0.95 mole of hydrogea, 


In contrast to dioxane, the reaction in dimethylformamide was completely selective; one mole of hydrogea 
was absorbed and only the quinone groups were hydrogenated, It {s especialiy interesting that tie process was also 
selective when 1% or even 0.5% of dimethylformamide was added to dioxane, The strong effect of such a small 
amount of added material {s apparently explained by the fact that dimethylformamide is selectively adsorbed on 
the catalyst and displaces the hydroquinone of quinhydrone formed from its surface, As we showed recently, 


m/min 4 
> 
sk 
623 


Degree of Conversion of 2-Ethylanthraquinone into 2-Ethyltetrahydroanthrzhydroquinone (in percent ) 


Hydrogen consumption in moles 


Solvent composition 
0.5 0.95 2, 


Dioxane 2 
Dioxane 99% + alcohol 1% 

Dioxane 90% + alcohol 10% 
Dioxane 50% + alcohol 50% 


Dioxane 99.7% + dimethyl formamide 
0.3% 

Dioxane 99% +4 dimethylformamide 
1% 

Dimethyl formamide Not absorbed 


Note. The sign * denotes < 0.2% as it was — to determine down to 0.2%, of 2-ethyltetrahydroanthrahydro- 
quinone in 2-ethylanthraquinone polarographically under our conditions, 


pytidine acts simflarly but with the difference that pyridine probably displaces not only the hydroquinone formed, © 
but also the starting 2-ethylanthraquinone,so that the reaction rate falls sharply in its presence, As has already 
been stated, the action of dimethylformamide, in contrast to that of pyridine, {s remarkable in that not only i& 
hydrogenation of the nucleus suppressed in its presence, but also the rate of reduction of the quinone groups in=- 
creases, However, this effect changes strongly with a change in the concentration of dimethylformamide in the 
mixed solvent, while a very small amount of it ts sufficient to make the process selective, 


Thus, the composition of the mixed solvent has a substantial effect on the rate and selectivity of the process, 
Dioxane promotes hydrogenation of the nucleus of 2-ethylanthraquinone, Only one of the two aromatic rings is 
hydrogenated in dioxane at 20° and normal pressure and no octahydro derivative is detected. The tetrahydro de=- 
rivative is formed from the very beginning of the process and its formation is accelerated after the absorption of 
0.5 mole of hydrogen, The addition of a polar component to the dioxane leads to an increase in the rate of reduce 
tion of the quinone groups and suppression of hydrogenation of the quinone nucleus, When evea a small amount 
of dimethylformamide (0.3%) is added to dioxane, hycrugenation of 2-ethylanthraquinone proceeds selectively. 
The increase in the selectivity of the process {s apparently caused by the increase {n rate of hydrogenation of the 
quinone groups and adsorptive displacement of hydroquinone molecules, The degree of ey in this case 
depends on the nature and amount of the added polar solvent, 
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STRUCTURE OF 9-AMINOACRIDINE 
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Arguments in favor of both aa amino (J) [1-5] and an imino (I) [6-9] suucture for 9-aminoacridine have 
been presented in the work of various authors, 


Data from infrared spectrs have been used in some of this work (3, 6, 7] and these spectra have been examined 
in more detail in the work of A. V. Karyakin and A, V. Shablya [8}, who put forward a hypothesis on an intre= 
fonized imino structure for 9-aminoacridine (11). The authors based rhis idea on the closeness of the ¥\(N—ID 
bands in the infrared specuum of Q9-aminoaciidine, 9-acridone and acridinijum hydrochloride.and on the assigne 
ment of the bands at 1650 cm™ and 1570 cm™ in the spectrum of 9-aminoacrid‘ne to deformation oscillations 


of C~N-H and >N—H groups, respectively. 


However, objections have been raised to the sssignments of bands in the spectra made by these author: and 
the conclusions drawn from them, Thus, ir recent work of Mason [10] it was shown that the position of ¥(N—H) 
bands in the spectrum of 9-aminoacridine agree well with an amino rather than an imino structure for this come 
pound, The assignment of the band at 1570 cin™ to the deformation oscillaticn of >hu contradicts the sysiem= 
atic presence of this band in the specira of most heterocyclic ic amines and other isomeric aminoacridines which 
have an oe structure and therefore do not contain an >RH grouping. The assignment of the second band at 
1650 cm"! fs not supported at allin [8]. by any comparisons and is not in agreement with literature data [11} 


The inaccuracy of the assignment of the band at 1650 cm"! to the deformation oscillation of C-N—H fs 
also shown by the infrared spectrum we obiained for N-methyl-9-acridonimine (IV), which definitely has ea 
imino structure, There were no absorption bands in this region in the spectrum of this compound and the first 
intense abscrption band was observed at 1613-1600 cm‘ (Fig. 1) and, as will be seen from what follows, tis cane 
not be assigned to che deformation oscillatioa of C~N—H, but is obviously caused by the valence oscillation of 
the exocyclic C= N bond, 


If it is assumed whist S-aminoecridine has en amino strocture, the bend at 1650 cm"? may be assigned to 
the deformation oscillation of NH, and the band at 1570 cm™ to the oscillation of the heterocyclic nucleus of the 
molecule, Nonetheless, the bands examined may also be Interpreted satisfactorily if an imino suucnye is adopted 
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Fig. 1. Infrared spectra: a) 
dine; b) N-methyl-9-acridonimine and their 


N-deutero derivatives, 


éeutero derivatives,- 


Fig. 2, Infrared spectra: a) aniline; b) 2-am{nopyridine; 
2-aeminoquinoline; 2-aminothlazole and thelr Ne 


(the band at 1650 cm™® {s assigned to the valence oscil= 
lation of the excyclic imine bond C= N and the band at 
1570 cm™ to the oscillation of the heterocyclic nucleus 

or the deformation oscillation of C=N—-H). It seemed to 
us that it would be possible to choose the correct assign 
ment for the bands at 1650 and 1570 cm"! in the spectrum 
of 9-aminoacridine and, consequently, solve the problem 

of the structure of molecules of this compound by examin- 
ing the changes in the infrared spectrum of 9-aminoacridine 
on deuteration of its amino group, Actually, if 9-aminoacridine 
{s an amine, deuteration should produce a sharp displace= 
ment of the band at 1650 cm™? in the infrared spectrum 
toward longer wavelengths as the frequency of this oscile 
lation depends directly on the mass of the atoms particip- 
aung in the oscillauon, If the compound invesugated 

an dine and the band examined {s caused by valence os- 
cillations of the exocyclic C= N bond, then deuteration 
could produce only a slight displacement of the correspond- 
ing band, 


Data available in the literature on aliphatic amines 
and aniline [12, 13] show that with deuteration, the band 
of (at 1624-1630 actually disappears and a 
new band, evidently caused by oscillations of 8 ND2, ap= 
pears in the region of 1190-1200 em™, The latter band 
is of low intensity in the case of N-deuteroaniline, Exacuy 
the same picture was observed when we compared the 
spectra of a number of heterocyclic amines with the spectra 
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of their N-deutcro derivatives (Fig. 2); The SNH, band of © 
these compounds (1620-1650 cm™') disappeared practically 
completely on deuteration and no new absorption bands ape 
peared in the immediate vicinity. The bands at 1530-1600 
cm", which were evidertly caused by oscillations of the 
heterocycles, remained practically unchanged, When 9 
aminoacridine wat deuterated, the absorpticn band at 1660 
cm” also disappeared, while the band at 1565cm™! remained 
unchanged (bands at 1650 and 1570 cm™* according to [8]). 


The deuteration of N-methylacridonimine, a subtance 
with a definite imine structure, had hardly any effect 7 the 
position of its most intense double band (1600-1613 em™!) 
and produced only a slight (1623-1595 
(Fig. 1). The band at 1555 cm™ also disappeared, 


From the data presented, it follows that the band at 
1690-1613 cm™!(vC =N), which does not change on deutez= 
ation) and the band at 1555 cm™! (6C = N—H, which moves 

; to another region on deuteration) correspond to a compound 
Fig. 3. Infrared spectta: a) 9-acetylamino= with an imino structure and both of these bands are absent 
acridine; b) 9-trichloroacetylaminoacridine; from the specuum of 9-aminoacridine. The bands at 1660 
c) cm”! (6 NH), which is displaced to another region on deutere 

ation) and 1565 cm™? (oscillation of the heterocyclic nucleus, 

which is unchanged on deutezation) correspond to an amine structure and both of these bands are present in the 
spectrum of 9-aminoacridine. Thus, from the results obtained it follows that 9-aminoacridine is an amino come 
pound, 


Other, independent confirmation for this conclusion is provided by an examination of spectral data for 9 
acetylaminoacridine, Were 9-aminoacridine an acridonimine, {ts monoacetyl derivative should have ap imino 
siructure all the more definitely, as the acidifying action of the acetyl group could only increase the tendency for 
the compound to exist in the imino form 15}, 


However, the infrared (Fig. 3) and uluaviolet spectra unequivocally show that 9-acetylaminoacridine has an 
ainino structure (see also [14]) and, consequently, 9-aminoacridine has an amino structure, 


Only the introduction of a considerably sronger acidifying substituent (a trichloroacetic acid residue) into 
the amino group of 9-aminoacridine causes the appearance of the acridorimine form in solutions and the com. 
version of the compound into this form in crystals (Fig. 3), From an evaluation of the content of the imino form 
of 9-trichloroacetylaminoacridine in solutions, it may beconsidered that with respect to the tendency to change 
into the imino form,9-amonoacridine occupies an intermediate position between 2-aminoquinoline and 2-amino~ 


thiazole [15}, for which, according to approximate data [16], the value Kp =e in solutions ts of the order of 1075, 
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